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FOREWORD 


The ncert has been picparing textbooks in different science subjects for the middle 
school stage. Initially the textbooks were prepared on an experimental basis and tried 
out in selected Delhi schools. The teachers of these schools were oriented to the con¬ 
tents and methodology, and cyclostyled guidance materials were supplied. 

From the experience obtained from visits to schools and the reactions of teachers, 
it was felt that a detailed guidebook for teaching physics was necessary so that the 
teachers could do full justice to the new curricular materials. 

The piesent title is a compauion volume of the textbook on Physics Part II for the 
middle school stage, which covers the areas on ‘Forces’, ‘Work’, ‘Machines’, ‘Thermal 
Phenomenon’, ‘Heat and Work’ and ‘Transition of Substances from One Aggregate 
State into Another’. 

A general discussion of organising the content, teaching procedures and evaluation 
of pupil knowledge is followed with a detailed methodological analysis of the content 
covered in the textbook to make the teacher aware of the fundamental concepts 
involved and the difficulties that he may find in elucidating difficult concepts, A brief 
outline of the lessons are then given to help the teacher make his lesson plan. 

Though the original textbook has undergone a revision, the essential concepts of 
physics remain the same and consequently the content and methodological analysis 
would continue to be useful to the practising teacher. 

The main credit for preparing this book goes to Dr. A. A. Margolis, our UNESCO 
Expert ill the Department of Science Education, and Mrs. N. Mitra, Shri Chhotan Smgh 
and Shti H. L. Sharma have developed the different chapters of the manuscript and 
Dr. R. N. Rai has helped in editing. 

It is hoped that the book will prove useful to the teachers. AH comments and 
criticisms would be welcome. 


S. V. C. Aiya 
Director 
NCERT 

April 1971 
New Delhi 
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CHAPTER 1 


Planning the Progress of Teaching 


Before a teacher begins woik he should make a plan of work* The following 
three plans aie suggested: 

1. The general annual plan. 

2. The topical plan. 

3. The lesson plan. 

1. The annual plan contains the distribution of periods according to the 
curriculum of the school and the syllabus in physics on individual topics. This 
plan should indicate the number of hours on discussions, on written tests, on labora¬ 
tory work and on revision. The distribution of periods between individual topics 
should be done taking into account the amount of the teaching-learning material 
on each topic and the importance of the individual topics. 

2. The topical plan may comprise of a topic or a section of the syllabus and 
should contain: 

(i) The calendar dates of the lesson. 

(ii) The topics of individual lessons. 

(iii) The assignments for review. 

(iv) An indication of the method of conducting the woik—the teachers’ 
talk with demonstiation, laboratory work, excuision, solving pro¬ 
blems and written test work. 

(v) The list of all demonstrations on the topic. (It is convenient to 
have the hst of all the demonstrations on the topic in separate cards.) 
In this case the topical plan should contain only the number of the 
card which simplifies the business. On the reverse side of the card 
the teacher may enter his notes concerning the most favourable 
conditions for the demonstration. 

(vi) The set of problems on this topic to be solved at home and additional 
problems for the gifted pupils. 

(vii) The teacher should take note of what knowledge and sldlls on this 
topic are to be learnt by pupils. Thus on the first topic on the course 
of physics for Class VII, the teacher should write down : 
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ilaciilr's (jUior roR physics ci ass ami 


Krwwlcdi’c . The concepts of mechanical motion. The concept 
of relative motion and icst CUissilicatum of inecluuiical motions ; 
(I) by then tiajectoiics ; rectilineal and ciuvilinear motion, (2) by 
the type of (he motion : tiaiislatory lotatoiy and oscillatory motions 
and (3) by the speed of the motion : uniform and non-umfoi m motions 
The pcciiliiii fcatuics of each type of motion. Methods of mcasming 
time. Unifoim and rectilineal motion. The speed of uniform 
motion Non-umfoim motion. The aveiage speed of non-unifoim 
motion. Newton’s first law. Inertia of bodies The mass as the 
measure of the inertness of the body. The concept of balancing 
forces. Unifoim motion imclcr the action of balancing forces 

Dif/oent types of friction : The methods of raeasuiing the foicc 
of sliding fiiction. Independence of the force of fi iction of the sui face 
area of the body. Dependence of the foicc of fiiction on the weight 
of the body (foi a horizontal section of the path) and on the nature 
of contacting surfaces. Methods of reducing harmful friction in 
technology and incieasing useful friction. Action and lenction. 

Skills ; To measvne • a weight (with a dynamometer) the force of 
sliding fiiction in unifoim motion, the force of rolling friction, the 
foice of friction at lest. To solve pioblcms on uniform motion, 
to calculate the average speed of non-uniform motion, to be able 
to use in practice the phenomenon of ineitia. 

3. The teacher should have a detailed plan of each lesson The fiesh teacbci 
just beginning his school teaching career should have an even more detailed plan 
contaimnghis notes on the lesson when any new material is to be introduced. 

The detailed plan of the lesson should contain ; 

1. The topic of the lesson. 

2. The aim of the lesson. 

3. Questions and pioblems for revision, (question or problems on the mate¬ 
rial studied earlier.) 

4. A brief introduction to the new topic. 

5. Writing the topic on the classboard and dividing it into snb-topics. 

6. Demonstiation and audio-visual aids to be used at the lesson. 

7. The main points in the new material. 

8. Recapitulation. 

9. Home task. 

The annual plan for the course of Physics Part II 

The total number of periods in a school yeai is 105 In view of the size 
and scope of the instruction material as well as the difficulty in undeistanding, it 
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is advisable to distribute this number of periods among diffeient individual topics 
as follows. 

I. Mechanical Motion — 17 periods 

Out of this foi the Study of the topic itself — 14 peiiods 
for laboratory woilc No 1 

—Measuiing force of friction — 1 period 

for revision — 1 period 

for written tests — 1 period 

II. Composition of Forces—Equilibrium of bodies — 8 periods 

Out of this for the study of the topic itself — 7 peiiods 

for laboratory work No. 2—^Determining the 
centre of gravity of flat bodies — 1 period 

Note : Revision may be done at each lesson. 

ni. Work and Energy —20 periods 

Out of this for the study of the topic itself —17 periods 

for laboratory work No. 3—Conditions of equili¬ 
brium for the lever and the pulley — 1 period 

for revision — 1 period 

IV. Thermal Phenomen —15 periods 

for the study of the topic itself —14 periods 

— 1 period 


Note : No special time to be allocated on revision. 
V. Heat and Work 

for the study of the topic itself 


—21 periods 
—17 periods 


for laboratory work No. 5 comparing the quantity 


of heat by mixing cold and hot water 

for laboratory work No. 6 deteimining the elh- 

ciency of a heater 

for revision 

for written test 

VI. Change in the state of substances 
for the study of the topic itself 
for laboiatoiy work No. 8—Obseivation of' 
heating and melting of naphthalene 1^ 

foi laboratory work No 9—Observation on 
heating and boilei water 
for revision 
for written test 

VII. Revision of the course and preparation for 
examination win 


— 1 period 

— 1 period 

— 1 period 

— 1 period 
—18 periods 
—14 periods 

— 2 periods 


— 1 period 

— 1 period 

or — 3 peiiods before 
winter examinations and 3 
periods before summer 
examinations. 



4 TEACHER*S GUIDE FOR PHYSICS CLASS Vll 

The meaning of and tlie plans for the demonstration and laboratory experiment 

The pecLiliaiities of physics instiuction in Class VIT have alicady been men¬ 
tioned earlier. The abstiact thinking having not yet fully developed, pupils cannot 
assimilate well enough the poitions dealing with mechanics, which is one of the 
most complex and abstract sections of this course of physics But this is line only 
if the discussion of theoietical problems is not supported by appiopiiate cxpciiments 
clarifying all the related concepts Unless the demonstiation-cxpciimcnts aic 
not interesting it fails to impress pupils emotionally. The technique of peiforming 
experiments in mechanics is very simple and the apparatus involved aie very 
unsophisticated. Hence it is the skill of the teacher on which the elTect of these 
simple demonstration depends. It is the teacher who is responsible foi impicssing 
the pupils emotionally and consequently for keeping these experiments in their 
memory for a considerable period of time Psychological leseaich on man’s 
memory shows that anytliing which is beautiful and emotionally appealing cicates a 
more stable impression for a longer period. Consequently preparing for the de¬ 
monstration to be performed for the lesson of mechanics, the teacher must be 
capable of not only making the experiment clearly visible, but also simple and 
aesthetically appealing. If the teacher has carefully planned the dcmonstiations 
on a topic, he will always be able to piepaie, with his pupils’ assistance, these very 
simple devices and materials. 

The hst of minimum obligatory demonstiations on this topic are given later. 

The role and place of problems in the course of physics 


Solving problems by pupils plays a great part in learning physics lessons. 
Solving problems IS one of the effective measures to counteract the pupils’ founal 
approach to physics classes. The teacher of physics should make his pupils realize 
that pupils’ knowledge of physics cannot be rated high if they fail to solve 
problems. If the pupils have been taught only some concepts, phenomena and 
regularities m nature, then knowledge of physics remains only formal. On 
the contiary pupils’ ability to solve physical problems show that they can make 
use of their theoretical knowledge and understand what the concepts, phenomena 
and legulaiities actually mean. In older to make problem-solving an integral part 
of any lesson in physics, the teacher should have a special book of pioblcins. 
Fiom the uumbei of problems m the form of exercises m the textbook, some mini¬ 
mum must be selected by the teacher as home assignments for pupils, Most of 
the problems in this physics course are only qualitative, because the pupils’ 
insufficient knowledge of mathematics does not allow the use of the analytical 
method in introducing individual problems. When the teacher discusses the topic 
motion, he only gives the foimula for uniform and non-unifoim motion, the lest 
of the problems being dealt with without the use of mathematical formula. 
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Normally the teacher uses physical problems of following types ; 

1. Pioblcms on calculation 

2. Qualitative pioblems. 

3 Expel imental problems 

Problems on calculation can be solved if pupils are awaie of physical laws 
and can use mathematical methods. 

The advantage in pioblems of this type is that they help to establish inter¬ 
relations between the teaching of physics and the teaching of mathematics. Such 
problems aie widely used for the pupils at the higher stage. At this stage, the pro¬ 
blems of this type may be only limited to the laws of motion. The disadvantage 
of the problems of this type is the considerable amount of time lequired for their 
solution and the fact that the mathematical aspect has to be given more attention 
than the physical aspect 

Qualitative problems are widely used in teaching physics at this stage. Here 
the pupils are involved in some problems associated with the qualitative aspect of 
a physical phenomenon These problems are solved by a logical reasoning based 
on the laws of physics No mathematical operations aie involved in solving these 
problems The advantages of types of these problems are the following. 

(i) Qualitative problems contiibute to ensuring pupils’ better knowledge 
of theory and ensure a better retention of the material. 

(ii) They seive as an effective means of evaluating pupils’ knowledge. 

(ill) They increase pupils’ iiiteiest in physics and ensure a better assimilation 
of the material. 

(iv) They develop pupils’ logical thinking. 

(v) They lequire less time than pioblems on calculation. 

Consequently this type of physical problems should be used most widely 

by the teacher in his work. 

The third type of physical problems also plays a great pait in physics 
teaching. The expeiimental pioblem is a specific kind of the qualitative problem. 

A problem of this type is given to the pupil as an expeiimental assignment. 
Pupils are offered a simple experiment which they should explain afterwards. 
Evidently the teachei has to undeitake some additional woik to piepare an expeiiment 
involving such problems but it deseives elfoit because pupils’ interest in physics 
incieases considerably. These problems stimulate pupils’ cieative appioach to 
leaining They make pupils take to such experiments which in turn inciease^pupil’s 
ability to observe things minutely. 


Evaluation of pupils’ skill and knowledge 

Evaluating pupils’ knowledge and skill plays an important part in the process 
of teaching One of the most important forms of evaluation is the revision of the 
piateual of the previous lesson by giving questions to students and making them 



by putting questions to pupils piovidecl such questions can be an- 
sweied by giving vaiioiis examples and by solving pioblems, 

(iii) Developing pupil’s skills in experimentation provided that a pupil’s 
answer is accompanied by his demonstiation and the same expcii- 
ments which wcie shown by the teacher at the pievious lesson. 

(iv) Ensuring a bettei revision of the study mateiial by pupils. 

(v) Teaching students to work independently and to be prepared to answer 
at every lesson. 

(vi) Eiisuiing a better evaluation of pupils’ skills and knowledge. The 
teacher can follow the day-to-day progress of the pupils on the basis 
of the marks which he gives to the students. Thus the teachei can 
secure a better assessment of his pupils’ knowledge and skill than 
it is possible by the system of the examinations taking place twice 
a year. 

(vii) Finally, this form of revision enables the teacher to be always aware 
of the speed at which the new mateiial is introduced. 

In view of this the problems involved in revising the study material should 
be given the teacher’s consideration when he prepares for each lesson m physics. 
This system of revision can be further divided into following three forms which are 
used by physics teachers. 

(i) Revision of the mateiial by students on the blackboaid. 

(ii) “Condensed” individual questioning of pupils at the blackboard, 

(iii) Question to the entire class (without calling students to the class 
board). 

One common feature of all the thiee foims is the equal amount of time allocat¬ 
ed for this form of work. If the duration of one peiiod is 35 minutes unless the 
lesson is not a special evaluation lesson, the teachei should allocate 8-10 niiniitcs 
on revision. Consequently to use this shoit period of time most eirectively, the 
revision part of the lesson should be very well planned. 

Another feature of revision, iiiespective of the form of revision, is that dining 
the same time the teacher should check up how the pupils assimilate the cuircnt 
material along with the retention of the mateiial previously studied 

Finally in levision, all the material should include solving of physical pio¬ 
blems. Additional work should not be given to the student unless he solves a pro- 
t)lem. In classes 6-8 it is sufficient to give pu|)]ls one theoietical question and one 
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pioblein. If the question is on the cuuenl topic the pioblcm should be on the 
material previously studied oi vice-vetsa. 

Let us now consider the peculiarities of the above mentioned forms of 
revision 

1 Questions to individual students 

The teacher puts a question to the whole class and having thus drawn pupils’ 
attention to this question, he calls one of the pupils to the blackboard and asks 
him to give his answer or to solve the problem. The pupil should illustiate his 
answer by a sketch, a table, a chart oi some simple expeiiments. While he is 
solving the problem at the classboard, the teachei keeps the whole class in his view 
and asks the rest of the pupils to be ready to take part in the discussion. He should 
not inteifeie with the pupil’s answer and after the pupil has finished his answer, the 
teacher asks several pupils to speak up on the eiiors oi distortions and to correct 
them, and thus a further analysis of some parts of answer which is being 
discussed, is done. 

In using this foim of revision, it is especially important to check up and 
remove all the misunderstandings and deviations from the collect undcistanding 
of the problem which arise in the class. After the pupil has completed his answer, 
the teacher should tell him the marks secured by him on the merit of his answer 
explaining why it is the appropriate marks. This is important because the teacher 
should get the pupils used to the objective lequiiements for evaluating a good answer 
which should be uniform in respect to all pupils without any exception. 

2. The '^condensed” individual questioning of students on the classboard. 

When the teacher uses this form of revision he puts two or three questions 
to the class (or three problems) and calls to the blackboard two or three pupils at 
a time. In this case one of the pupils solves pi oblems on the classboard, the second 
prepares an experiment and the third answers a question which does not lequiie any 
special preparation. When this form is used, it is important to give some assign¬ 
ment to the rest of the class (either to solve a problem or to listen to the pupils’ 
answers). When the teacher uses this form of revision, he should make all the class 
participate in the analysis of the pupils’ answers. 

This form of revision should be given more piomincncc in the work with 
senior pupils whose attention is more concentiatcd than the attention of the pupils 
of classes VI-VIII. However, this form of revision may be used successfully in 
classes VIl-VIII provided the teachers oiganise this work propcily. 

3. Group questioning. 

In this form of revision the teacher does not call pupils to the classboard 
but puts questions to the whole class. The students prepare their answers and raise 
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their hands. The teacher asks individual students. This form of revision is 
especially advisable when it is necessary toieview quickly some matciial which is 
needed for the introduction of a fiesh material, oi revision of a topic oi sub-topic. 
If in the course of such work some students give two conect answeis, the teaehei 
may give them, the highest maiks for encouraging them. 

In addition to the forms of evaluation mentioned above, some other forms 
of evaluation should also be used. 

(i) Checking the students written homework 

At the beginning of the lesson the teacher should ask the pupils to take out 
their notebooks and open the pages with the hometask. Then the teacher asks 
the individual difficulties experienced by the pupils in course of doing their home 
work. Walking between the rows, the teachei inspects the pupils’ notebooks 
paying attention only to whethci the work was done at all, whether it was done 
neatly and correcting such mistakes which are evident Anothci method is to check 
only some of the notebooks, for example, the notebooks of those pupils who 
were called to the blackboard. In addition, the teacher should from time to time 
(for instance once in a foitnight), take his students’ notebooks foi checking them 
at home. The pupils should be aware that their home work is checked up syste¬ 
matically. 

(ii) Written tests 

After studying one topic or a number of related sub-topics, the class should 
be given one common written test. All such tests should contain only physical 
problems without any theoretical question. To secure the objectivity of evaluation, 
each written test should contain 4-6 variants of the same difficulty so that copying 
should be impossible. On checking the tests and evaluating them the teachei should 
analyse the typical mistakes made by the pupils at the lesson. The final inaiks 
which aie given to the pupil at the end of the school year, should be based on the 
average marks given to the pupil during routine questioning, i.e., the marks for 
his written tests and the marks received by the pupil at the examination 

Pupils of this age group (classes VI-VIII), who are very emotional and hetero¬ 
geneous from the point of the level of the knowledge and the speed of pciception, 
benefit more if a soil of combination of gioiip method and the individual method 
of revision aie used by the teachei. The limited amount of time ncccssilalcs u 
most accuiate foimulation of questions and pioblems. These must be very simple 
in style and undeistood by pupils quite clearly Many young teachers cannot 
make their questions concise and accurate. This causes difficulties for many pupils. 
A simple lecommendation may be given Intended question should not be set up 
on the spot but well thought out and recorded in the lesson plan. To maintain the 
activity of the pupils during revision, the teacher should not correct pupils mistakes 
himself but invite other pupils to do it. Only if the entire class fails to correct 
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the mistake, the teacher should help pupils. One typical featuie of the piocess of 
revision in classes VI-VIII is the necessity of putting questions and giving problems 
which involve the understanding of phenomenon or a regularity m some 
processes associated with the application of these laws and legulaiities. 
The teacher should not be very particular about an accurate woiking of a 
concept or basic physical quantities, because most concepts and legulaiities 
are not given to pupils in the most accurate scientific founulation but only in ap¬ 
proximately coirect terms. The most important condition is that the pupils should 
not learn by heart the various definitions and concepts, but understand them clearly 
and be able to implement them in solving vaiious problems. Consequently, little 
can be achieved pedagogically by putting questions requiring only some formal 
answers concerning definitions. Another featuie of levision in these classes 
is, whether the teacher can establish contact between the student aiisweiing at the 
classboard and the rest of the students If the teacher fails to achieve this, the 
attention of the pupils is switched over to items which have no relation to the 
studies. 


Topic no, 1. 


Mechanical Motion 


Fundamentals of Mechanics 
1. The significance of the topic 

Mechanics is one of the most complex sections in the course of physics, not 
only at the initial stage of instruction but also for senior students at the second 
stage of instruction One of the mam difficulties lies in the fact that this section 
deals with abstract material, the assimilation of which lequiies the intelligence of 
a matuie mind It is well known that abstiact notions are difficult to understand, 
specially when we deal with young pupils of Class VII. This does not mean, however, 
that pupils cannot assimilate this matciial at all. In oidei to achieve this, it is im¬ 
portant for the teacher to select the best methods of introducing the topic and to 
find the best ways to facilitate the letention of this mateiial by the pupils. One 
of the most common errors on the part of a young teacher is that proceeding from 
his own knowledge, he considers the initial concepts of kinematics veiy simple and 
explains these to his pupils at the lessons too quickly. This leads only to a moie or 
less formal covering of the mateiial, without developing any meaningful undeistand- 
ing. To avoid this mistake, caieful consideiation should be given to the methods 
of formation of each concept of kmematics This can be achieved through a logical 
system which is based on the life experience of the pupils themselves, demonstration 
pxpeiimeuts and solving vanpns types of problems. 
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Another veiy impovlant factor is to make these lessons inteiesting to the 
pupils. Without this, lessons in mechanics will seem dull and unintcicsting to the 
pupils, which will largely determine their attitude to this subject This dilliculty 
may be overcome if the lesson is conducted using appropiiate method, i.c., when 
the teacher talks with the students, the talk is accompanied by inteicsLing expcii- 
ments and solution of various interesting physical problems. Since one of the princi¬ 
pal methods, which the physics teacher uses at the first lesson, is the laboiatory 
experiment method, the teacher faces important problems. It is impoilant that the 
students should develop the skills of obseivation, compauson and diawing conclu¬ 
sions, and they should learn how to observe the action of physical laws m the pheno¬ 
mena taking place in their life. The concepts of mechanics should be based on 
concrete physical idea. During the lessons the students should be given a chance 
of active observation of the motion of the body during the demonstration experi¬ 
ment. They should be given tasks involving observations of various phenomena 
out-of-the-class surroundings, and they should be taught how to estimate the 
characteristics of motion. To make the students more active at the lesson by 
observation, it is desnable to make them answer questions on tlie blackboaid and 
to support then oral answer with simple expeumenls in mechanics which were 
shown by the teacher at the previous lesson. Finally, the topic “Elements of Mecha¬ 
nics”, plays a great part in the couise of physics as a basis for all the subsequent 
sections of such a course. Experience shows that if students have good knowledge 
in mechanics, they easily assimilate the other concepts of the physics course 
too. 

While introducing this topic, the teacher should icmembcr the important 
condition, viz., it is much easier to tiain than to undo the previous wrong training 
and tiain them again, since in the syllabus, mechanics is studied twice in the 
first and the second stages of the course. It is impoiTanl, Iheicfoie, to give the 
correct concept of physics to avoid lepetition of the same at the second stage. Conse¬ 
quently, this should be done in such a way that at the second stage these concepts 
could be expanded and elaborated. For example, uniform trauslatory motion 
is studied only at the first stage and so it is necessaiy to give and explain scientifically 
the definition of iinifoim translatory motion as well as the notion of the velocity 
of uniform motion. Non-unifoun motion is studied both in class VII and at 
the second stage. Theiefore, in class VII, the teacher gives only the delinilion of 
the aveiage speed of non-unifoim motion and then this concept is eiabouitcd at 
the second stage. Instantaneous speed of non-unifoim motion is discussed. It 
is important to know which concepts in this topic are to be given only once and 
are not to be discussed at length again at a later stage. Therefore, these concepts 
should be explained correctly, and those concepts wliich will be dealt with also at 
the second stage, should be explained in such a way that these concepts could then 
be elaborated without repeating them This topic is important not only from the 
point of view of amount of knowledge it gives to pupils, but also because it has a 
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polytechmcal significance. Acquainting the students with Lhc concepts oF fiiction 
enables them to uinderstand the principles on which the motion of the vauous kinds 
of tianspoil, aie based and to undeistand the principle of the transfei of motion fiom 
the engine to various paits of the machine. While learning the phenomenon of 
inertia and its measuiement, pupils can undeistand why the base plates of vauous 
machines are made heavy, and how ineitia of motion is used in transpoit vehicles. 
For instance, they will understand why, when appioaching tralfic light, motorcar 
drivers switch off the engines but the vehicles move on The study of simple machines 
enables one to undeistand the principle of woiking of the watci lifting machines 
fitted in wells, windlass, lifts, cranes and many othei machines, since the most 
modern complex machines are only combinations of vauous simple machines. 

11. Content of the topic 

The fiist topic “Elements of Mechanics” consists of thiee seel ions ; 

1. Fundamentals of kinematics. 

2 Newton’s fiist law. 

3. Friction. 

1. Fundamentals of kinematics. 

This section comprises of the following : 

(i) The concept of mechanical motion of bodies. 

(li) The concept of relativity of lest and motion. 

(iii) Classification of motion by the tiajcctory of motion : icctillnear and 
curvilinear; by the foim of motion; tianslatory, rotatoiy and oscillatory 
motion, by the speed of motion unifoim and non-unifoim motion 

(iv) Measuring time. 

(v) Study of uniform rectilineal motion. 

(vi) The speed of unifoim motion 

(vii) The formula of the distance covered by bodies in uniform motion. 

(vni) The average speed of non-iimform motion, 

(ixj The distance covered by bodies in non-unifoim motion. 

2. Newton’s first law 

The topic “Newton’s fust law” compiises of the following sections; 

(i) The definition of Newton’s first law 

(ii) The concept of inertia of bodies. 

fiii) The possibility of the existence of unifoim motion of bodies under 
the action of mutual balancing forces. 

(iv) Elaboiation of the definition of Newton’s fiist law, 
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3. Friction. 

The topic includes the following sections : 

(i) The substantiation of the existence of fuction. 

(n) The natuie of fiiction. 

fiii) Three types of friction 

(a) Sliding fiiction, 

(b) Rolling friction 

(c) Static fiiction. 

(iv) Methods of measuring forces of friction and coefficient of fiiction. 

(v) Means to decrease harmful friction in technology. 

(vi) Means to inciease useful fiiction in technology 

(vii) Elemental y concept of Newton’s thiid law. 

This is the scope of the theoretical mateiial stipulated in the syllabus for 
class VII and consequently this mateiial is compulsory for all expciimcntal school 
pupils. The study of the fundamentals of such a science as physics, which is basically 
expeiimental, is not even thinkable without some amount of expeiimcnlal skills 
and knowledge being displayed by the pupils. The syllabus, theicfoie, envisages 
a numbei of laboiatory experiments to be performed by pupils undci the tcachci’s 
supervision. The syllabus envisages assignment in laboiatory works on the measure¬ 
ment of the coefficient of friction between wood and wood. 


in. The key questions of the topic. 

The study of the fundamentals of mechanics being with the study of kine¬ 
matics, i.e , the section of mechanics which deals with the laws of mechanical motion 
without going into what causes this motion. Hence, mechanical motion is the liist 
concept of physics which should be explained to pupils. Everyday we observe 
a great number of various types of mechanical motion Motor cars, trains, vessels, 
clouds, water in liveis, the moon, the artificial satellites of the earth, the eaith itself 
and the sun are all in mechanical motion. Hence any displacement of bodies and 
change of their positions m space, is called mechanical motion. Following the 
teacher’s explanation of mechanical motion, pupils themselves can give many 
examples of mechanical motion on the basis of their observations. After this the 
teacher should show some demonstrations which illustrate the mechanical motion 
on the basis of their observations. Aftei this the teacher should show some demonsti a- 
tious which illustrate the mechanical motion of different bodies. The teacher, 
however, should bear it m mind that the given definition is not strictly precise. This 
definition is to be elaborated at further stages. The teacher will have a possibility 
to do it when discussing relativity of any mechanical motion as well as of rest which 
is a particular case of motion. The idea of the relativity of motion is an important 
ffictor in the formation of pupils’ abstract thinking. 
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The idea of relativity of motion begins to form in the coiuse of physics foi 
elass VII and during all the following years of instruction, the teacher should always 
be cautious about it in all the othei sections of physics. Dealing with the lopic 
“Fundamentals of kinematics” the teacher gets an oppoitunity to mtioducc the idea 
of iclativity with the example of mechanical motion and icst and with the example 
of the speed of motion of bodies. 

The idea of relative motion of bodies is best explained if the Icachci begins 
with an analysis of a few examples Thus, if we tiavel by steamer along a quiet 
river and do not hear the sounds of the working engine and we do not see the outside 
objects, we shall form animpiession that we and the bodies on the table, the lamps, 
etc. are in the stage of rest provided we aie sitting in a cabin. But if you look at 
a building or trees on the shore we shall see at once that we and the steamer too, 
are in motion. The same impression we form if we find ouisclvcs in an aeioplanc 
If the plane is flying smoothly and there are no air-pockets we shall think that we 
and the bodies around us as well as the plane itself are not moving These and similai 
examples show that to deteimine the state of motion oi the state of icst one must 
have some other objects besides those which are under consideration. Fiom this 
it follows that the steamer is in motion against the shore, the tiain against the lailway 
track, the motor car against the trees along the highway etc Consequently, to dctci- 
mine the state of rest or the state of motion of a body, it must be compaied with an 
other fixed body If we study the state of a body and have chosen another body 
against which we want to determine the state of the first body (frame of refcicnce) 
then it is rather simple to determine the relative state of body If in the course of 
time, the distance, which separates the first body from the second, does not change, 
it means that the given body is at relative rest. If this distance changes, the given 
body is in the state of mechanical motion against the body taken as the refeience. 
But the examples, of the body taken as refeience cited above as railway tuick, the 
trees along the highway and the other objects are themselves in motion together 
with the earth. 

They are taken for stationary objects only with some icseivations. To make 

the concept of relative motion and relative rest more concielc, pupils should be 
shown some simple but very impoitanl demonstrations to secure a good retention 
of the idea of relativity. A few of such demonstrations will be given latet m the 
complete list of all the demonstrations on this topic. Flerc we shall touch upon 
only one simple demonstration. 

Let us place a small carriage on the demonstration table. On this caiiiage 
we place a block On the same demonstration table, we place another block 
beside the carriage with the block on it. The second block should be provided with 
a small flag. Oui fiist question will be the following : 

In what state is the cairiage and the block on it against the other block ? 
As the distance between the cainage with a block on it and the block which is 
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on the table beside it, does not change with time, we can diaw the conclusion tliat 
the cairiage is in the stale of rest against the body of refeience. If the caniagc with 
the block on it is pushed a little, the distance between the caniagc, with the 
block on it and the other block beside it, will change and so the formei 
will be in motion against the latter taken as the rcfcicnce At the same time tlic 
block on the caiuage will be in state of relative test with lespcct to the cainugc 
If instead of the eairiage and the block on it you put on the deinonslialion table 
two similar -winding models of niotor-cais and icleasc them, then both the models 
will be m slate of motion against the body taken as the icfciciicc tliat is, the 
other block and at the same time eithei model will be at icst against lire othei which 
is moving at the same speed Aftei this demonstration the pupils should themselves 
give examples of the lelative motion and relative rest of some bodies. The 
teacher now can give a more accuiate definition of mechanical motion which 
could be written down by the pupils in their notebooks. Mechanical motion is 
any change m position of a body against other bodies which are assumed not to be in 
motion. 

The next point is how to classify the vaiious types of mechanical motion, 
First of all, we shall divide all the types of mechanical motion into rectilinear and 
curvilmeai types according to the trajectory of motion. The classification is ac¬ 
companied by simple and clear demonstrations and docs not cause any difiiculty 
m understanding More difficult is the classification of motion according to its type. 
First we shall consider translatory motion. The teacher should begin with the 
demonstration of the different types of simple translatory motion. 

For example, the teacher may demonstrate the leclilinear tiansUitory motion 
of a model motor car, motion of a table drawer, upward motion of a load using 
a fixed pulley and then show the motion of a model motor car on a 
curvilinear track The teacher should diaw pupils’ attention to the fact that traiisla- 
tory motion can be both rectilinear and curvilinear The teacher should also draw 
pupils attention to the fact that in all the examples cited above there is one common 
feature, i.e , all the points of the bodies move along similar trajectories and cover 
similar distances during the same time. A special device can be used foi a better 
understanding of the specific features of translatory motion. This is a piece of 
plywood which represents the absolute solid body in which there are some holes 
with coloured pieces of chalk inserted into these holes. These coloured pieces 
of chalk represent the individual material points of the body. If we put this device 
on the classboard and move it along its surface, we shall get similar rectilinear 
and curvilinear trajectories of individual points of the body which is in translatory 
motion. The mam chaiacteristics of translatory motion is : 

If a straight line connects any two points of body and remains parallel to 
■(self when the body moves then the motion of the body is translatory. Thus 
translatory motion is the simplest form of mechanical motion; because all 



fLAtMNiNG THE PROGRESS OF TEACHING 


15 


points of the body in tianslatory motion describe similai tiajcctoiics. Hence, it is 
sufficient to analyse the motion of only one material point of this 
body. 

Rotatoiy and oscillatoi7 motion should be analysed in the same sequence, 
i.e , (i) examples of rotatoiy motion in piactice (ii) demonstiation of rotatoiy motion 
(ill) specific featuica of lotatoiy motion (w) application of lotatory motion m 
technology 

The analysis of the topic “unifoun motion" noimally is not difficult and pupils 
easily undeistand it. Howevei, the concept of speed as a distance coveicd m unit 
time should be formulated very clearly and its intiodiiction should be followed by 
solving problems on the calculation of speed in diffeient units Pupils should 
know that to compare two speeds, these speeds should be expressed in siinilai units 
Pupils should be given quite a number of problems on the laws of uniform motion. 

S S , 

(S=vt, t=—, v=—). 

At the fiist lesson, the teacher can give the formulas of unifoim motion in woids 
and then use the related symbols which are lequiicd in solving problems Special 
attention should be given to the compaiison of the speed of unifoim motion and 

, S 

the aveiage speed of non-uniform motion. It follows fiom the foimuIasV= — 

g 

and Vav= — that the method of calculating these two speeds is the same. How¬ 
ever, the physical meanings of these quantities aie different. 

If we know that a body IS moving uniformly at a speed of 60 kilomcties 
per hour it means that m any equal intervals of time this body covers equal distance. 
Thus, m this example the body covers 60 kilometres in each hour, each minute the 
body covers 1 kilometie and each second the body covers 1/60 kilometre. Conse¬ 
quently, we can say that the speed of uniform motion characterises the speed of 
the motion of this body during any interval of time or foi any part of the distance. 
The average speed of non-uniform motion, which is equal to 60 kilometres an hour, 
has quite diffeient meaning. If it is known that a tram moved at an average speed 
of 60 kilometres per hour this means that for one hour it was moving at a speed of 
60 kilometres per hour. Dining auothei period the speed might have been 70 kilo¬ 
metres per hour and at the stops the speed of the tram was zero. The aveiage speed 
of non-uniform motion characterises the speed of motion during the total period 
of its motion or for the entire distance. Hence, there is a clear difference between 
the speed of unifoim motion and the average speed of non-uniform motion. 
The aveiage speed of non-uniform motion is numerically equal to the 
speed of such uniform motion, where distance and time aie similar to those of non- 
uniform motion. 
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One of the most difficult problems of this topic is the introduction of Newton’s 
first law. This is important because Newton's first law enables the teaclicr to 
bring the students to the undei standing of the foice as a dynamic factor causing 
the change in the body’s speed On the other hand this law enables one to analyse 
inertia as a feature, chaiactcnstic of all the bodies in nature Finally, Newton’s 
fust law provides a method of mcasuiing the force of fi iction which is vei y impoi lant 
in modem technology While explaining Newton’s first law the tlisciission .should 
begin with a simple demonstration. This experiment consists of the study 
of the motion of a ball along the horizontal planes made of diircrcnt matciials 
The surfaces may be of sand, plywood, glass, etc. Each time the distance 
covered by the ball should be marked. Though the pupils have not yet begun study¬ 
ing friction, when the teacher asks why the ball slops, most of the pupils arc able 
to give the corieet answer that it is the friction which stops the ball’s motion. Then 
the teacher draws pupils’ attention to the fact that when friction decicases, the distance 
covered by the ball increases. Now the question arises what would happen if the 
faction were zero. It is evident that the motion in this case would continue inde¬ 
finitely at constant speed and along the same straight line. This conclusion was 
first drawn by the great Physicist Galileo. How can we verify this conclusion ? 
Evidently, this cannot be verified by diiect experiment because it is not povssiblc 
paiticulaily on our planet, to create such conditions, under which no force would be 
acting upon a moving body. However, one can verify this indirectly in the following 
way. In any case when a body changes its speed either in magnitude or in direction, 
it IS possible to find a cause, v/z., the force which compells this change. A body 
gams in speed when falling towards the earth. The cause is the terrestrial force 
of gravitation. Also when we switch off the engine of a moving motor car, the 
motor car slows down because of the friction with the earth and the resistance of the 
air. 

Newton’s first law may be formulated in the following way. Every body 
continues in its state of rest or in the state of uniform rectilinear motion in absence of 
any external force acting upon the body. This definition is rather similar to that 
which was given by Newton himself. It is difficult or even impossible to 
carry out on our planet direct experiments proving the validity of Newton’s first law. 

A teacher of physics should also bear in mind that Newton’s first law reflects, 
in essence, the idea of conservation of motion; 

With Newton’s fiist law is associated the concepts of an ineitial system and 
that of inertia. 

‘The inertial system is a system which is connected to a body at rest or to 
a body in uniform rectilinear motion with respect to the fiist body. All physical 
laws remain unchanged in inertial systems. Hence, an inertial system of reference 
IS a system winch complies with Newton’s first law. 

Newton s fiist law is often called the law of ineitia. Inertia is a basic pi'o- 
perly of matter to pieserve the relative state of rest or the state of uniloim rectilineal 
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motion unless an outside force is acting on it. This piopcity is characteiistic of all 
bodies. Howevei, quantitatively, this piopeity is manifested diffeienlly in different 
bodies. To show this, the teacher may cany out an cxpeiiment similai to lolling 
the ball along the inclined plane. This is done in the following way 

On the hoiizontal portion of the table, wc put a piece of woollen cloth to 
achieve the constant foice of fiiction. We tell the pupils to observe the rolling of 
different balls from the same height The experiment shows that with the increase 
in the mass of the ball the distance covered by it, increases. Consequently, it is 
the mass of the body on which the ineitia of that body depends, The bigger 
the mass is the gieater is the ineitia of the body, ie., the body with a 
bigger mass keeps to a greatei extent its state of lelative lest or the state of uniform 
rectilinear motion. Eveiybody knows from experience that if there are two railway 
wagons on a horizontal portion of a railway and one of the wagons is loaded and 
the other is empty, then the empty wagon can be displaced with less foice than the 
loaded one. Similaily, if we have two railway wagons moving along the hoiizontal 
portion of a railway track it is easier to stop the empty wagon 

It is said, therefore, that the mass of the body is the measrue of the inertness 
of the body. Class VII pupils know from the course of physics for class VI what 
the weight of a body is. It is necessary, therefore, to diaw their attention to the 
fact that the mass of a body as one of the most important piopcrties of mattei is 
proportional to the weight of the same body, i.e., if wc express tlic mass of a body 
by M and its weight by P, then, M==kp. of two bodies by their weights. The greater 
is weight of a body the greater is its mass. At the second stage of instruction pupils 
studying Newton’s laws get more elaborate data on the mass of body. The concept 
of the mass is considered to be very difficult particularly for class VII pupils. There¬ 
fore. the more precise definition of this concept has been included in the syllabus 
only at the second stage. Class VII pupils will deal with this concept in the course 
of physics only , when they take up calorunetiic calculations. But in such calcula¬ 
tions the mass of a body does not serve as a measure of its inertness but a quantity 
of the substance. Ineitia of bodies may be shown by vaiioiis demonstrations. 
The list of all the demonstrations on this topic are given at the end. 

It IS important to analyse each expeiiment and to explain it to the pupils. 
Thus, explaining the experiment of fixing the hammer to a handle, the pupils should 
be told that when the hammer head and the handle move downwairls, both 
the head and the handle possess ineitia of motion. When you strike the handle 
(its end) on the table, the motion of handle stops because a foice is applied, wheicas, 
the hammei head continues moving because of inertia and consequently the handle 
fils into the hammer head. After this the motion of the hammer head stops because 
of the force of friction. After the intioduction of the law of inertia, tire lelatcd 
experiments explaining qualitative and especially experimental aspects the following 
questions may be put to the pupils. 
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In accordance with the Newton's iiist law a body may move imil'oimly if 
no foice is acting upon that body. At tlie same time wc know vciy well that on 
levelled road the iimfoim and icctilincai motion of a motor cai oi some other 
vehicle nndci the influence of some foicc can be observed 'Ibis fact appaiently 
contradicts. 

The teachei may easily show that thcie is no contiadiction Actually bodies 
may be in the state of lelative rest or umfoim icctihncar motion in the following 
cases : (1) if no force is acting upon body or (2) if some balancing foice is acting 
upon a body. Two forces aie called balancing foices if they aic of equal magnitude 
and act on the same body along the same stiaight line but m opposite diicetions, 
the resulting foice being equal to zeio That is why a motoi cai can move iinifoimly 
on the back. In this case the attiactivc foice is acting upon the cai in one diieclion 
and the total force of lesistance equal in magnitude is acting along the same 
straight line but in the opposite diiection. 

F traction= —total lesistancc. 

To prove that the teachei may peiform two demonstrations, to show that 
the state of relative test or the state of rectilineal motion docs not change if two 
balancing foices are applied to a body. In this experiment a wooden block with 
two books at the ends is placed on the demonstration table. The block is in equili¬ 
brium in this state. 


If two dynamometeis are fastened to the hooks and two equal foices are 
applied to the dynamometer, it will be seen that the state of rest will not change. 
The teacher may also show another experiment with the help of inclined glass tube 
containing some viscous liquid that a metal ball falling in the tube, moves uniformly. 
Here, two forces of equal magnitude are acting on the fall in opposite direction. 

The pulling foice and the foice of lesistance are balancing forces. On the 
basis of the above mentioned facts it is possible to give the definition of Newton’s 
first law in a moie general form. If no force is acting upon a body or if two balancing 
forces aie acting upon such a body, the body will preset ve the state of relative rest 
or the state of uniform rectilinear motion until some non-balancing force begin 
acting upon such a body. 


The same ^ law enables us to assert that if a body is in the state of 
relative lest 01 it IS in the state of unifoim lectilmeai motion. This is possible 
either m the case when no foice acts upon the body or balancing forces 
act upon It. If too much emphasis is given to this definition of the law it 
may appear a little ambiguous. Why is it possible that under the same 
condition a body can be in two states either at rest or m uniform lecLilmear 
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However, this ambiguity is only an apparent one. If a body is at rest at 
certain time and at that instant the conditions are such that the given body 
will continue in one state only that is the state of relative rest. 

If a body is in motion at a certain time t and its velocity is equal to v and 
at the same instant conditions are such that it continue in only one slate that is 
the state of uniform rectilinear motion, with speed V. 

It is very important for the teachers to understand and then to explain to 
their pupils that inertia manifests itself easily when no force acts upon the body. 
In this case the phenomenon of inertia is easily observed. Besides inertia also 
exists and when force is acting upon a body. This idea should be supported 
by examples and experiments. According to the methods suggested, the 
introductioa of individual points of this topic should be done in a different way 
than it is stipulated in the syllabus. These methods prescribe that the teacher 
should intioduce the concept of fiction and deal with this question only after he 
has discussed the laws of motion. The measurement of inertia is a 
measurement of inertness when balancing forces act upon a body. This order 
is suggested due to the necessity of giving pupils a piactical method to measure 
the force of friction. 

This can be done only on the basis of Newton’s first law. If we want to 
measure the force of sliding friction of a wooden block moving along the surface 
of a table it is sufficient to apply a force on to the block and make the body move 
uniformly. But according to Newton’s law the body can move uniformly only 
when balancing forces act upon it. In this case two foices are acting upon the 
body—the traction force and the foice of friction. These two forces are balanced, 
r.e., numerically the force of friction must be equal to the tractive force. 

F F 

friction = ti action. 

Thus we find the following simple procedure. To measure a sliding fiictional 
force it is sufficient to fasten a dynamometer to the moving body, to set this body 
in uniform motion and measure the force of traction with the dynamometer. 

When the teacher introduces the topic ‘friction’, he should begin with the 
analysis of some examples from pupils’ own experience. These examples must 
show that the frictional force of motion is invariably a force which prevents motion 
and therefore its direction is always opposite to the direction of motion of the 
moving bodies. After this analysis the teacher should again show the experiment 
of the lolling ball along the inclined plane, drawing pupils’ attention to the fact 
that it is friction which causes the change in the speed of the ball. 

Then the teacher explains the method of measuring sliding frictional force 
which was described above and then he discusses the dependence of the factional 
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force on tire weight of the body, or to be more precise, on tire force of the normal 
piessure of the body. He should also discuss whether the fiictional foice depends 
on the surface area of the body provided normal pressure is the same. Nonnally, 
the discussion of this topic does not cause any difficulty and therefore we shall not 
discuss it in detail. 

Quantitative problems 

1. An aeroplane is flying at a speed of 1200 km. per hour Give the speed 
in per second. 

2 A train is moving uniformly at a speed of 60 km per hour fi om one town 
to another. The distance between the towns is 100 km Find the time which is 
necessary for the tram to cover this distance. 

3. An aeroplane’s speed is 900 km per hour, the duration of the flight is 
5 hour. What distance will be covcied by the plane ? 

4. The distance between Moscow and Delhi is 5230 km Air India Inter¬ 
national Boeing 707 flies at a speed of 750 km. How long will it take to fly from 
Delhi to Moscow ? 

5. What was the average speed of a parachutist if it took him five minutes 
to reach the surface of the earth from a height of one and a half kilometres ? 

6. How long will it take for a raft to cover a distance of 15 kilometre if the 
speed of the current is 5 per second provided the raft is floating in the direction of 
the current ? 

7. A motor car is moving at a speed of 72 kilometies per hour. Give its 
speed in metres per second. 

8. The first orbiting of the earth by Yuri Gagarin in a spaceship was ac¬ 
complished in 89.1 minutes. The average speed of the spaceship was 28,000 kilo¬ 
metres per hour. Find the distance covered by the spaceship 

9. The world flying speed record set up in 1951 by the Soviet flier Mosolv 
was 2388 kilometres per hour. Give the speed in metre pei second. 

10 On the way to home from school, a girl counted 11,00 steps The 
distance was covered by her in sixteen minutes. Taking, that the average length 
of a step was 96 centimetres, find the speed at which she walked. 

11 For the first time in history the distance from the earth to the moon 
was covered by a Soviet Space rocket in 34 hours. This distance is 3,70,000 kilo¬ 
metres. Find the average speed of the rocket. 

12 A horse is uniformly pulling a cart on a horizontal road. The tractive 
f9i9e is 48 kgw. Find the coefficient of ftiption if the weight of the cart is 400 kgmt, 
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13. A locomotive is uniformly pulling a fieight tram on a horizontal railway. 
The weight of the train is 2,400 kg wt The tractive force of the locomotive is 
7,200 kg wt Find the coefficient of friction. 

14. Determine the force of friction between the steel brake and the wheel 
of the locomotive if the pressure of the biake is 2,000 kg wt. The fiiction coefficient 
is 0.14 

15. The coefficient of friction of a cart moving along a side load is 0.16. 
What tractive force must be developed by the bull on a horizontal section of the 
road to pull uniformly a cart weighing 400 kg wt. 

II. Qualitative problems. 

1. Why is it easier to jump over a biidge if one is running ? 

2. Why is it dangerous to cross a street in front of a vehicle when it is close 
to you ? 

3. Why does a driver slow down when there is a turn ? 

4. Give examples where inertia is a useful phenomenon and when it is 
harmful. 

5. When bringing his bus to a stop the driver disconnects the engine from 
the driving wheels well befoie the stop and thus saves fuel. Why ? 

6 How will you explain the diopping of mercury column while shaking 
the medical thermometer ? 

7. If one is running away from somebody who is pursuing him, he makes 
swift side movements when his pursuer is ready to catch him. What is the reason 
of doing so ? 

8. What would happen to a rider if his hoise stumbles suddenly ? 

9. Why do rain drops fall down when a wet coat is shaken. 

10. Why do some wagons of a train get disconnected when the engine driver 
starts the engine abruptly. In which case is such disconnection more probable; if 
the train is loaded or if it is unloaded ? 

III. Qualitative problems of friction 

1. What do the incision on the Ups of the vice and pliers serve ? 

2. Sometimes when a cart moves down a hill one of its wheels is fixed to 
prevent lotalion. Why ? 

3. Why does the pull of a transmission belt fiom one pulley to another 
increase the friction between the belt and the pulley ? 

4. Why does a side road become slippery after rain ? 

5. Why IS it not safe to drive down a sloping side road after a rain ? 

6. Why is it difficult to write with a pencil on glass, and paraffin paper ? 

7. Why IS screw sometimes soaked before it is driven into wood ? 
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8. Why does a slarchcd sthirf become d»tj k‘.'» quickly ihan an unstarched 

shirt ? 

9 Why docs a loaded lorry swerve less after tain tli.iii an unloaded lorry ? 

10. Docs one pul in the same cfForl when he lifts sonic weight or drags it 
on the floor. 

Action and Reaction. 

1. On the (able there is a weight of 5 kg. wt. With what force does the 
table act on the weight *1 

2. A wooden block floats on the .surface of water. *I he weight of (he block 
is 5 kg. wt. What are the forces of action and rcatlion on it '! Where aie they applied ? 

3. How do action and reaction manifest thenischc.s when a hoy jumps from 
a boat on to the shore ? 

4. To what arc the forcc.s of action and reaction applied when a hammer 
strikes on the head of nails ? 

5. Why is it diflicult for a fireman to hold the hose fium which the .stream 
of water is coming out at a high pressure '? 

6. An adult normally has 32 teeth. How' many teeth take part in the 
act of softening the food if one tooth is extracted ? 

Experimental problems, 

1. Put a trolley on a table and put a block on it. Put another block besides 
the trolley on the table. Softly set the trolley m motion. In relation to which body 
will the block on the carriage be in motion and against which body Will it be in 
state of relative rest ? 

2. On the demonstration table put a moving platform of 70-80 centimetres 
in length and on this platform put a carriage provided witli a winding mechanism. 
Put a block on the table near this platform. Set the platform in motion. In which 
state is the carnage with respect to the platform and with respect to the block ? In 
which state is the platform with respect to the block ? 

3. This arrangement can also be used in solving another problem. Set the 
carriage in motion in one direction and simultaneously move the platform in the 
opposite direction at the same speed. In which state is the carriage with respect 
to the block ? 

4. Take a wooden rod of 70-80 centimetres in length and wrap the upper 
part of the rod with a load belt of 4-5 centimetres in width. Knock the table with 
the handle of the rod. How will yovi explain the downward motion of the load 
belt along the rod 7 

5. Place an inclined plane on the table. At the base of the inclined plane, 
place a horse-shoe magnet. Show the direction of the motion of a steel ball—once 
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with the magnet and another time without it. What accounts for the change in the 
di'^ection of the motion of the steel ball ? 

6 Place a pile of match boxes on the demonstration table On the upper 
box place a glass of water With the help of a ruler swiftly stiike out one match box 
after anothei fiom under the glass How can you explain the obseived effect ? 

7. Place a tiolley on the demonstiation table On the trolley place a block 
provided with weights. With the help of a tliicad connect this block to the demons¬ 
trated dynamometer and set the block in umfoim motion. Why the reading of 
the dynamometer is more at the fiist instant than at the next ? 

8. On tlie table put thiec wooden blocks with hooks and connect these blocks 
with one another To the hist block conneetthe demonstiation dynamometer and 
measure the force which moves unifoimly all the thiee blocks. Then put these 
blocks one above the other and move them uniformly with the help of a dynamo¬ 
meter Why aie the readings of the dynamometer the same in both cases ? 

9. Fix a glass funnel in the iiiig of a stand 

To this funnel connect a rubbei tube which is connected with a glass tube 
bent at right angles. Put a cork in the end of the tube. Pour some watci into the 
funnel and place below it a metal pan. Take the cork out of the tube. Why is 
the tube deflected from its original position when the water leaks out ? 

10. On the table put segner’s wheel and put water into the funnel. How 
will you explain the rotation of the wheel ? 

THE TOPICAL PLAN OF THE FIRST CHAPTER OF THE COURSE OF 
PHYSICS FOR CLASS VII; 

Mechanical Motion. —17 periods 


No of 

lessons Date Topic Method of Work Demons- Home task 

tration 


1 . 


2 „ 


3. 


4 . 


Introductoiy talk— 
concept of relative 
motion and lest. 
Tianslatoiy and ro¬ 
tatory motion. 
Measuiingtime 

Uniform Rectilineal 
motion, 


Talk accompanied 
by demonstration. 

Talk and demons¬ 
tiation 

Talk and demons¬ 
tration. 

Talk and demons¬ 
tration. 
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No. of 
lessons 

Date Topic 

Method of Woik Dcnioii.s- 
tiatuui 

5. 

Solving problems 

Talk and demons- 


on imifoim motion. 

tiation. 

6. 

Non-iinifoiin lectil 

Talk and demons- 


in car motion aver¬ 
age speed. 

tiatiori. 

7. 

Solving problems on 
non-iinitoini mo¬ 
tion. 


8. 

Newton’s fust Law 

Talk and demons- 
tuition. 

9. 

Intertia; solving 
pioblems. 


12. 

Solving problems on 
friction. 


13. 

Pupils work 

Independent work 
the pupils under the 
teacher’s supervi¬ 
sion. 

14. 

Methods foi inciea- 

Talk and demons- 


sing the force of fric¬ 
tion. 

tration. 

15, 

Action and Reaction 

Talk and demons¬ 
tration 

16, 

Solving problems— 
revision of the topic. 


17. 

Written test on the 
topic. 



The aim of the lesson : To give an idea of the lelative lest and motion. 
Vn. The detailed Vlans of all the Lessons of the Topic. 

Lesson No. 1 

Topic : Mechanical motion. 

The plan of the introductory talk 

I. The content of the physics couise for class VII. 
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II. The significance of the physics course for class VII for understanding 
mechanical and theimal phenomena, natuie and technology. 

III. Piesentation of the new topic . 

(fl) Intiodiiction of the concept of mechanical motion of bodies on the 
basis of the discussion of mechanical motions fiom the experience of 
the pupils 

(6) Demonstration of mechanical motion 
(c) Demonstration of the iclativc motion. 

(cl) Discussion of relative motion and rest on the examples fiom pupils’ 
eveiy day expeiience. 

(e) Conditions deteiimning lelative motion and lelative rest. 

(f) Classification of motion by its trajectory : rectilinear and cuivihnear. 

(Demonstration). 

IV. Retention of the new material by the method of group revision. 


Questions : 

1. What is mechanical motion of bodies ? 

2. Why are any motion and rest relative ? 

3. When is a body in relative motion? 

4. When is a body in relative rest? 

5. Why IS the following statement incoirect . “The body A is in motion” ? 

6. What motion is called lectilinear? 

7. What motion is called curvilinear? 

V. Home task. 


Lesson No. 2 

Topic : Translatoiy and rotatoiy motion. 

The aim ; To claiify the specific features of translatoiy and rotatory motion. 

I. Questions to pupils 

The following questions should be put to pupils duiing this part of the lesson. 

1. What is mechanical motion‘d 

2. Why are any motion and rest, relative? 

3. Examples of relative motion in nature and every day life, 

4. Show relative motion and rest by performing experiments. 

5. What is the classification of mechanical motion by its trajectory ? 

6. To show experiments on rectilinear and curvilinear motion, 
n. Presentation of new inateiial: 

1. The link between the topic of the pi evious lesson and the present one. 

2. Writing down the topic of the lesson on the classboard. 

3. Demonstration of tianslatory motion. 
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4. Demonstiation of the specific fcatuics of translaloiy niolion of difreicnt 
bodies. 

5 Demonstration of lotatoiy motion of diffeieiU bodies, 

6. Demonstration of the specific fcatiucs ol' lotatoiy motion of diffeienl 
bodies, 

m. Retention of the new mateual . 

Questions foi work : 

1. What is the classification of mechanical motion, accoiding to the type 
of motion? 

2. What motion is called tianslatoiy motion’’ 

3. Why is translatory motion legaulcd as tlic simplest type of motion? 

4 Give examples of tianslatoiy motion. 

5. What motion IS called lotatoiy inotioiW 

6. Give examples of rotatoiy motion. 

IV. Home task. 


Lesson No 3 


Topic : Measiuing time. 

The aim . To make pupils iindeistand that any study of physical pioccss involves 
measuremeiit of time. To clarify the piiiiciple of measiiiing time 

I. Questions to pupils: 

1. Why are motion and lest lelative? 

2. What aie the signs of tianslatoiy niolioiW 

3. Give examples of cuivilineai tianslatoiy motion. 

4 What are the signs of lotatory motion? 

5. Give examples of a body which is m both tuinslalory and 
motion at the same time. 

6. Why is the following statement incoiicct from tlic point of 
physics ? 

“The bicycle is at rest.” 

n. The link between the previous lesson and the piescnl lesson 
down on the blackboaid the topic of the lesson, 
in. Presentation of new mateual : 

1. All phenomenon and pioccsses in luUiiic lake place dining certain 
interval of time. 

2. Plietioraena of longer and shorter cluuUion. 

3. The need for accurate ineasiuenient of time. 

4. Demonstration of osciilatoiy motion 

5. The peculiarity of any oscillatory motion. 

6. Measuring time by using oscillatory motion. 


lotatory 


view of 


Willing 
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7. The unit of time. 

8. Time measuring devices, 

IV. Retention. 

Questions : 

1. What aie the peciiliaiities of oscillatoiy motion ? 

2. What IS the unit of time ? 

3. What IS the couelation between chfFcient units of time 7 
4 About time measuiing devices. 

V. Home task. 

Lesson No. 4 

Topic : Uniform rectilinear motion. 

Aim; To explain to pupils the peculiarities of uniform motion and the method of 
calculating the speed of unifoim motion. 

I. Questions to pupils. 

1. By what ciiteiia is mechanical motion classified? 

2. What units of time do you know ? 

3. Solving problems on the correlation of the different units of time. 

4. Why is the state of motion or rest relative? 

5. By what criterion do we establish whether a body is at relative motion 
or at relative lest. 

n. The link between the previous lesson and the piesent one. 
in. Presentation of new material. 

1. Classification of mechanical motion in teims of rate of motion. 

2. Demonstration of the uniform and lectilmear motion. 

3. Definition of uniform motion. 

4. Speed of uniform motion. 

5. Calculation of the speed of uniform motion, 

6. Unit of speed. 

IV. Retention 

1. Solving problems on calcuiatmg speed of unifoim motion. 

2. Solving problems on conveiting the value of speed into different units. 

V. Home task. 

Lesson No. 5 

Topic ; Uniform rectilinear motion. 

Aim : Teaching pupils how to solve problems on uniform motion. 

I. Questions to pupils. 

1. What IS the classification of mechanical motion in terms of rate of 
motion ? 
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2. What motion is called uniform motion'^ 

3. What is the peculiarity of the speed of uniform motion'? 

4. How can you calculate the speed of uniform motion ? 

5. Solving problems on calculating the speed of unifoun motion. 

II. The link between the previous lesson and the present one. 

in. Presentation of new mateiial. 

1. Calculation of the distance covered in uniform motion. 

2. Calculation of the period of time duung which a body moves unifoimly, 

IV. Retention 

Solving piobleins on uniform motion. 

V. Home task. 


Lesson No. 6 

Topic ; Non Uniform motion. 

Aim : To clerify the nature of non-uniform motion and introduce the concept of 
the average speed of non-uniform motion. 

I. Question to pupils on : 

1. The definition of uniform motion. 

2. Formula of uniform motion. 

3. The unit of speed of uniform motion. 

4. The units of time and the correlation between them. 

5. Solving problems of uniform motion. 

n. The link between the previous lesson and the present one 
HI. Presentation of new material. 

1. Demonstration of non-uniform motion. 

2. Definition of non-uniform motion. 

3. The average speed of non-uniform motion. 

IV. Retention. 

Solving problems on the average speed of non-uniform motion. 

I. Questions to pupils : 

1. What motion is called non-uniform motion ? 

2. What motion is called uniform motion ? 

3. About the peculiarity of the speed of uniform motion. 

4. Formula of uniform motion. 

5. Calculation of the average speed of non-imifoim motion. 

6. What is the essence of the idea of relative motion and rest ? 

TT problems on the average speed of non-umfoim motion. 

II. The link between the previous lesson and the present one. 

III. Presentation of new material. 

1. The formula for calculating the distance coveicd by a body in non- 
uniform motion. 
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2. Formula of Ihe time of non-uniform motion, 

3. What is the diffeiciice between the avciagc speed of non-unifoim motion 
and the speed of uniform motion. 

IV. Retention. 

Solving problems on non-uniform motion. 

Les.son No. 8 

Topic ; Newton’s liist law. 

Aim : To clarify the es.sencc of Newton’s first law. 

I. The link between the pievious lessons and the present one. 

II. Piesentation of the new material. 

1. The hi,story of the problem. 

2. Demonstration of the motion of a metal ball on the inclined plane with 
horizontal suifaccs of difleient mateiials. 

3. The conclusion drawn from this demonstialion. 

4. Definition of Newton’s fust law. 

5. Interpretation of Newton’s first law. 

6. Examples for pioving the validity of Newton’s first law. 

III. Retention. 

1. How is Newton’s first law slated ? 

2 Why can we not perform direct experiments proving the validity of 
Newton’s first law. 

3. In which case, can a body be in uniform rectilinear motion in accor¬ 
dance with Newton’s first law ? 

IV. Home task. 

Lesson No. 9 

Topic ; Inertia. 

Aim : To clarify the concept of inertia and how to measure it. 

I. Questions to pupils : 

1. How is Newton’s fiist law stated ? 

2. What is the interpi elation of the fact that Newton’s first law is appli¬ 
cable in either of the cases, when the body is at rest or is in uniform 
lectilineai motion ? 

3. Solving pioblcms on uniform and non-unifoiin motion. 

4. How can you classify mechanical motion in terms of the speed of motion 7 

II. The link between the previous lesson and the present one. 

III. Presentation of new material. 

1. Demonstration of umform and rectilinear motion under the action of 
balancing forces, 
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2. Demonstiation of the lelatjve rest under the action of balancing forces. 

3. Summing up Newton’s fust law. 

4. Demonstiation of the inertia of rest of a body. 

5. Demonstiation of the inertia of motion of a body 

6. Demonstiation of mass as the mcasiiie of inertia of bodies. 

IV. Retention. 

Solving pioblems on iiieitia of bodies. 

V. Home task. 


Lesson No. 10 

Topic . The foice of friction. 

Aim : To clarify the significance and nature of friction. 

1. Questions to pupils. 

1 What IS Newton’s fust Law of motion 

2. What type of two foices aie called balancing foiccs ? 

3. What IS ineitia of a body ? 

4 What is the measiue of ineitia of a body ? 

5. Solving problems of unifoim and non-uniform motion. 

6. Solving pioblems on ineitia. 

n. The link between the pievious lesson and the present one. 
ni. Presentation of new mateiial. 

1. Cause of change in speed of bodies. 

2. Demonstration of the motion of a ball on the inclined plane with 
different bases. 

3. The nature of the foice of sliding friction 

4. Demonstiation of measuimg the foice of fiiction. 

IV. Retention. 

1. What causes friction ? 

2. Why 111 uniform motion the force of fiiction is equal to the force of 
traction 

3. What happens when under the influence of the force of faction and the 
force of traction the body is m uniform motion 

4. Which one is greater : the weight of a body or force of sliding fticlion 7 

5. Now can you measure the foice of sliding faction 7 
V. Home task. 


Lesson No. 11 

Topic : Coefficient of friction. 

Aim : To clarify the concept of the coefficient of faction. 
I. Questions to pupils. 

1, About the laws of uniform motion. 
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2. IIow is tin; ;ivt;i;igc spceil of inm-iinirorm motion measuicd ? 

3 How IS the Newton's fust law stated 

4 Wlial IS the I'oiee o! sliding; liielion 7 

5 In solvinj!, piohlems on ineiti.i 
6. LSoIvintt piohlems on iiieitia. 

II. llie link between the inevimis lesson ami the picseiit one 
in. Presentation of the new maleiial. 

1. Deinonstiation of the dependenee of the loiec of fnelion on the weight 
of body 

2. The concept (^f the coellicicnt of fiiction. 

3. The non-dependence of the (oice of fiietion on the aiea of the suifaces 
in contact. 

4. The dependence of the cocflicient of friction on the nature of the surfaces 
in contact 

5. Rolling fi iction. 

6. Static fiietion 
IV. Retention 

Solving piohlems on friction. 

V. Home task. 


Le.sson No. 12 

Topic : Fiietion and the coeUlcienl of friction. 

Aim : To teach pupils how lo .solve problems on liiction, 

I. Questions to pupils. 

1. What causes friction? 

2. What is the device to deteiinine the coellicient of fiietion ? 

3. Docs the force of sliding fiietion depend on the aiea of the surfaces in 
contact ? 

4 Solving piohlems on unifoiin and non-uniform motion. 

5. Solving piohlems on fiietion. 

II. Tlie link between the piovunis le.s.son and flic picsenl one, 

III. Introduction ol new material. 

1. Rolling friction. 

2. Demonstration of the relationship between the foice ol sliding friction 
and the force of rolling friction. 

3. Demonstuition on static friction. 

4. Solving pioblems on friction 

IV. Retention, 

1. In which cases does the force of friction nianifesl itself ? 
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2. What is the relationship between the Toice of sliding fiiction and the 
force of rolling friction, if all the other conditions arc the same ’’ 

3. What is the force of static fiiction ? 

4. How can you measuic the foice of static fiiction 

5. How can you explain the stability of bodies at icst 

6. Solving qualitative problems on fi iction 
V. Home task. 


Lesson No. 13 


Topic : Friction. 

Ami : To teach pupils how to measure the force of fiiction experimentally. 

I. Teachers introductory talk on the methods and the technique of the 
laboratory work (accompanied by demonstiation of the appaiatiis which 
the pupils are to use independentiy). 

n. At the end of the talk, the teacher shows on the class-boaid the form 
in which the results of the measurement aic to be iccordcd At the 
same time pupils distribute the sets of insti uments. 

HI. During the laboratory work the teacher supervises the pupils’ 
independent work and renders help to individual gioup of pupils 

IV. Three-four minutes before the bell goes, the pupils on duty collect the 
devices and submit the experimental results 

V. Discussion of the results obtained by the individual groups of pupils. 

VI. Home task. 


Lesson No. 14 

Topic : Application of fiiction nr technology. 

Aim : To clarify the existence of the following two types of fiiction in technology. 
Useful friction and harmful friction. 

I. Questions to pupils. 

1. What types of friction do you know ? 

2. How can you measure the force of static friction ? 

3. How can you measuie the force of rolling friction ? 

4 Which one is greater of the two . the foice of sliding friction or the 
force of rolling friction, other conditions being equal ? 

5. Which oners greater: the force of sliding friction or the force of static 
friction, other conditions being equal ’ 

6. Solving problems on inertia. 

7. Solving problems on friction. 

S. Solving problems on motion, 



I’l ANMNCi nil I'lUK.IUSS 01 I! ACHING 


33 


II. Linking picvimis knowledge with the new topic. 

III. Prcseiitiition of Uic new mnleii.il. 

1. Haniirul fnclion in teclinology : its demonsliation 

2. Methods of decieasing hnnnf'iil fnetioii. 

3. Useful tiietion in technology. 

4. Methods of increasing useful liictusn. 

IV. Retention, 

1. Give examples of haimful friction in technology. 

2. What metluKls do you know for dccicasing Iiaimful fiiction 
3 Give examples of useful fiiction in technc>logy. 

4. What methods do you know for incieasing useful friction ? 

5. Solving qualitative problems on fiiction. 

V. Homewoik. 

Lesson No. 15 

Topic : Action and reaction. 

Aim : To clarify the elementary concept of Newton's Ihiid law. 

I. Questions to pupils. 

1 What IS the delinition of Newton’s iiisl law 

2 Whcio does an action of force manife-st itself 7 

3. What IS the meaning of the statement : “A force is acting upon a body”. 

4. What types of forces do you know 7 

II. Linking previous knowledge to the new topic. 

Ill Picscntalion of the new material. 

1. Two types of interaction of foicos. 

{a) Demonstration of inteiaclion of bodies, when they aie not dis¬ 
placed. 

(b) Demonstration of inleiaction of bodies which causes displacement 
of these bodies. 

2. The general dclimtiou of the force. 

3. Demonstration of action and reaction of bodies. 

4. The signillcance of Newton’s third law. 

5. Demonstrations for proving the validity of Newton’s third law. 

6. Deinon-stratum of reaction of the out-flowing liquid on the tube. 

IV. Retention 

Solving qualitative and experimental problems on Newton’s third law, 

Yr Home task, 
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Lesson No. 16 

Topic : Revision of mateiial of the first chaptci 

Aim ; To prepare pupils for wi ittcn tests on the topic 

I. 1. The plan of revising the mateiial 
2. Unifoim and non-unifoiin motion. 

3 Solving problems on motion 

4. Newton’s fust law—Ineitia of bodies. 

5. Solving problems on ineitia 

6. Types of friction and methods of mcasiiiing the foice of sliding fiiction, 
lolling friction, static fiiction and coefficient of fiiction. 

7. Solving problems on fiiction. 

8. Action and reaction. 

9. Solving qualitative problems on Newton’s third law. 
n. Home task. 

To prepare for a written test. 


Lesson No. 17 

Topic ; Written test on the first chapter. 

Aim : To check up the pupils for the understanding of physics for class VII. 

Each varient of the written test should include only problems and .should 
not contain any theoretical questions. Each paper should contain thice problems; 

(1) A problem on motion (quantitative) 

(2) A problem on friction (quantitative). 

(3) A problem on inertia oi on Newton’s thud law (quantitative) 

To achieve a bettei method of check-up, a teacher should have six vaiients 
of the same test, each varient being of the same difficult level. 

SOME EXAMPLES OF THE NOTES OF LESSONS OF THE FIRST CHAPTER 

Mechanical Motion 


Lesson No. 1 


Introductory Talk 

The course of physics for class VII is very interesting and at the same time 
very complex. According to the syllabus, pupils are to study two large sections of 
the physics course viz, mechanics and heat. The word ‘mechanics’ originates 
from the Greek word ‘Mechanikos’ which means a machine or device. It is well 
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known that as caii\ as tlic lime nf the aiKi’eiU [.asplians, CJieeks, Romans and 
othcis, saiioiis machines were used foi consliuetion and milUai> purposes. As 
early as in the thiid eenluiN H.(AKhemedes eoiisti uctcd a luunliei ol wai machines 
which wcie used loi dcflndinp, tlie city ol ,S\Kiciise. 'the study of the mtciaction 
between dillcicnt paits ol tlu- nun-hities, le\er. wheels and the like, led to the appea¬ 
rance of tlie bianth ol seieiiee which is called mechanics. Machines play an impoi- 
tant pait in the decelopnient of technoloj'y m .science and in man's everyday life. 
Machines can successfully peiloim the woik what was foimeily pciformed by man 
with haid manual laboui. One can uiuleisland this only if one knows the science 
of mcchamc.s, il'.ebasie piinciplcs ol wliith are u.'-cd in de.sijininp, and developing 
of all up-to-date machines. Tod.iy, we begin this inteiesUng and impoitant section 
of the com sc of phy.sics. To ensure best learning of the com sc ol physics you will have 
diffcient types of lessons. \’oii will ha\c Ic.ssons in which the teachci will mtioducc 
the new matciial and accompany his talk with demonstiation, lessons devoted to 
solving physical pioblems and iinally you will ha\c excursions to plants and 
factoiies. bach sUident, (lieiefoie, .should ha\e llirce nolehooks m physics : 

1. A notebook foi waiting down vanous data iclalcd to the lesson. 

2. A nolebook foi solving pioblems in the class and at home 

3. A note book foi laboialory vvoik. 

The iiist topic of llie seelion of the mcchames, is the topic of Mechanical 
Motion. Write down the name of the topic in your notebooks. 

Presentation of the New Material 

Motion is a common phenomenon which wc observe every day. In the 
sticels we see various kinds of transport in action; motor cai's, biases, bicycles and 
people moving on foot. In livers wc can ob.scrvc the motion of the water, the 
motion of boats and ships We can also ob.seive the motion of the moon aiound 
the eaith and the motion of ailificial satellites Again, the cailh itself revolves 
round the Sun. 

Question to pupils 

1. Give examples of mechanical motion Fiom everyday life wc can produce 
mechanical motion by expciimcnt, Let us consider more attentively some examples 
of mechanical motion. Let us assume that wc arc on a boat floating in a quiet 
river and do not hear the sounds of the woiking engine. If the windows of your 
cabin arc pulled up, then, what would be your answer to the question : What is 
the state in which we are ? Are wc moving or are we at rest ? Youi answer would 
be that you and all the other obiects on the boat, c.g., the elccliic lamp on the table, 
the book and the steamer itself aie at lest. But if you pull down the windows and 
gee the shoies of the river, what would your answei be to the same question ? Iq 
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this case we would compaie the position of oiu stedinci witli lospoct to some objects 
on the shoic, the tiees, the houses, etc. Hence, \\c can di aw the follow mg coiickision. 

To determine the slate of motion or of lest ol an ob)ecl, it js necessaiy to 
have some other object m addition to that whose state is being detcimined. 

If the distance between some object on the slioic and the steamei does not change 
with time, in this case we can say that with inspect to the shoies the stcanici is at 
rest. If the distance between the stcamci and the iiulividnal building on the shoio 
changes with time, we can say that the steamer is in motion witli respect to this build¬ 
ing. Hence, we can say that the steamer is in motion with lespcct to Ihc ii\er-shoic, 
the train with respect to the railway track, the moloi cai on the liighway with les- 
pect to the trees along the highway and so on Ictus clanfy the concept of 
relative motion and the rest by perfoiming some cxpciimenls. I ct us place a caniage 
on a clemonstiation table and a block on the cairiage. Beside the caiiiagc let us 
place another block on the table What is the slate of this caniage with lespcct 
to the other block on the table ? Let us mark the dislancc between tlie camage 
and this block. Then let us push the caniage. What c;in you say lunv about the 
state of the carriage with lespcct to the rcfcicncc body (the block on the table)'? 
The distance between the carnage and this block will change. Consequently, the 
carriage is ni the state of motion with ie.spect to this block. What can you say 
about the state of motion with respect to this block'? What can you ,s;iy about the 
state of block which is on the cairiage ? The block on tlie carnage is also in mo¬ 
tion with respect to the body of lefeicnce. What can you say about tlic stale 
of the block on the carriage with respect to the caniage itself '? The block is in the 
state of lest because with the lapse of time the position of the block, with ie.spect 
to the caniage, does not change. Thus, you see that the same body is in state of 
motion with respect to some bodies and is at re.st with icspccl lo otliei bodies. Let 
us consider anothei experiment. Let us place two siimlai model cais with winding 
mechanism By the side of the model moloi cars place an ariow on some stand. 
Let us set both the models in motion. In what stales aic the models witli icspcct 
to the reference body (the aiiow on the stand) '> Tlie motoi cans aic in motion 
with lespect to the arrow Why are the motor cais m tlic state of motion with 
lespect to the anow ? They are m motion with respect to the aiiow because with 
the lapse of time, the distance between the moloi cars and the anow changes (in¬ 
creases). What can you say about the state of one of the model cans with lespect 
to the other 7 The fiist model is at rest with lespeet to the other. Wliy are they 
at rest ? Because, with the lapse of time, the distance between the models ha.s not 
changed What conclusions can be diawn fiom these examples and experiments 7 

1. Mechanical motion is the displacement of one body with respect to another 
which IS taken as a reference body 

2. Both motion and rest are relative. Give examples of i dative motion 
gpd lest. The bus is in motion with respect to the earth. The bus is in motiop 
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willi icspcct to (he bus stop. The moon is in motion witli icspect to the caith. 
Aitificiiil satellites me in motion with icspcct to the emth Why the following 
statement is mconcet 7 “Motui cai is moving" Tlieic is no inclication of the 
icfcicncc boely in the statement. All the vniiclic.s of mcchameal motion obscivcd in 
natuie and tcelinology cun be classilied accoiding to the tiajcetoiies ol bodies 
The tiajcctoiy of a body is the tiacc lell hy the body in motion In some cases 
the trace of a moving body can be seen easily. You might have obscivcd the fiace 
of a jet acioplanc in the form of a while line against tlic blue backgiound of the sky. 
You might have seen also tlic trace of a locket in tlic night sky The line, which 
appeals wlicn a piece of clialk move.s on the blaekboaid, is the liajcctoiy of the motion 
of the chalk. Let us peifoim an experiment vvliicli enables us to obtain the tiajec- 
toiy of the motion of an individual ball which has cailici been soaked in icd ink. 

What have you observed in tins dcmonstiatioii In one case the tiajcctory 
of the moving ball is a sliaigbt line and in another ease it is a cmved line Conse¬ 
quently, all the types of mechanical motion can be classified by their liajectoues 
into lectilincai and cutvihnear What type of motion is leclihncai 7 What types 

motion is called curvihncai motion Cuivilincar motion is a motion whose trajec¬ 
tory IS a ciiivcd line. 

Homo task. 


Lesson No- 8 


Topic ; Newton’s first law. 

In our previous lessons we have discussed uniform rectilinear motion. 
However, analysing tins type of motion we did not considei in detail,^ the way in 
which bodies can be set in unifoim motion. Consequently, the topic of today s 
lesson will be ; “Conditions undei which bodies can be set in uniform motion. 
Speaking on the different types of mechanical motion we emphasize that the most 
common form of motion is non-unifoim motion, over a short portion of 
a distance. We shall discuss some fiom evciy day life. You must have noticed 
many times that driveis switch off the engine while approaching the traffic lights. 
However, the automobiles continue in motion for sometime with the speed decreas¬ 
ing gradually, and finally stop completely How can you explain this whole pheno¬ 
menon 7 Take another example. Approaching the bus-stops, the diiver o a us 
switches off the engine but the bus continues moving with its speed giadually de- 
cieasing, before it finally slops moving Let us perfoim the following demonstra¬ 
tion which will help us to understand why all these happen. Let us have an in¬ 
clined chute on the table and observe the motion of a ball, which is rolled down 
from the same height. Here the hoiizonlal portion of the ball’s track must have 
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diffeieiit surfaces. For this pin pose let us place liin'eieiU types of surfaces' 
sand, cloth, wood and glass at the base of the inchncd plane. Faeh tunc, svhcnevei 
we roll down the ball we shall maik tlie distance coveied by the ball before it stops 
completely. What do you obscivc ? In which ease does the ball co\ci the longest 
distance ’> The ball coveis the longest distance when it moves on glass, Why 
docs the ball cover the longest distance when it mines on glass 'I he ball covers 
the longest distance on gla.ss because in this case the ball espciieiice.s the least foicc 
of resistance against motion. What wou/tl ha ppen to a hail lolhng on an hoii/ontal 
plane, if there were no foices of lesistancc ? Moving on glass, tlie ball coveied the 
longest distance because the glass resisted the movement of the ball only to a very 
little extent. However small the resistance of the glass and the air is, it affects the 
motion of the ball, and it finally stops. In fact these Ibices of i esislance aie the forces 
due to resistance of the air and the forces of fiiction We can say consequently, 
that if no force acts upon a body, the body continues in motion at the same speed 
and the motion is lectilincai. Let us have one more expcrimcnl. On the table 
there is a block which is at lelativc rest. Why is this body at iclative lest ? 
Because no force acts upon this body. Let us sec what liappens to the position 
of this body if some foice starts acting upon it. In such case the body stints 
moving, Now the question arises, till what moment will the body conliniic 
to be in lelative rest ? It wall continue at iclative rest until some foice acts 
upon It, i.e., until some other body acts upon it. So, now we can give a 
more accuiate formulation of this law of natiue. Everybody continues in 
uniform rectilineal motion or in the state of iclative rest until some force stints 
acting upon it. Let us solve a few pioblems by implementing thi.s law. A body 
was moving at some speed and the speed dccieasctl. What hapimncd duiing the 
change in the speed of motion ? Evidently some force has actcrl upon this body. 
This conclusion follows fiom the first law which says that a body can change its 
speed if some force acts upon it. 


Anothei problem . The body was at rest and then it stalled moving. What has 
caused its motion ? Some force must have acted upon the body, because if no force 
had acted upon this body, the body would have continued in its state of lelative 
lest This law is called the law of inertia. All objects in nature possess this property. 
We can say consequently that a motor cai continues moving even nftei its engine 
was switched off because of ineitia; that the ball which lolls down on an inclined 
plane continues its motion along the horizontal poilion of the track because of 
inertia. Bodies are at relative rest because they possess incitia, Hence all bodies 
which are in motion possess ineitia of motion and all bodies at lest possess ineitia 
of rest. Give examples of ineitia of motion and inertia of rest. Let us have a 
few experiments clarifying the concept of inertia of bodies. Suppose we have to 
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fix a luuitlle into a luunmci 1k\k1 anil I'nr (hat iiiscit the one end of the handle 
into the whole of the head and stiikc haid the other end against the table top. 

What IS the explanation of the peifninianee of tins action ? When 
the hanimci licad :uid the handle aie nioxing iknui, the hammer head and 
the handle possess ineitia of motion, le, they Iiaxe the piopeity to continue in 
motion, Wlien you knock tlie handle on the ttdile, the motion of the handle 
stops iindei the action of a foicc whereas the lianimei head continues moving down- 
waul for some time because of ineitia and the liandic fits into the haminct 
head. 

Let us liavc anotliei demonstiation (pulling out a slicel of papei fioni under 
a glass tumbler filled with water). Whj does llic glass tumbler not topple ? 
Before the pulling began, the slieet of paper and the glass with watci were at rest 
and consequently possessed ineitia ofiest, i c., the piopeity to continue in the state 
of lest, Because the pulling was done quickly, the time of action was vciy small 
and so the glass tumbler continued at lest because of ineitia. 

IjOss'oii No. 9 

Topic : Ineitia of bodies balancing forces. 

Intiocluction to the new iiialerial : 

In our last lesson wc got acquainted with the essence of Newton’s first 
law or the law of ineitia. l/nder this lasv a body continues in unifoim 
rectdincar motion oi at rest until it is acted upon by some foicc. At fust sight, 
this law docs not seem very pieci.se. It says that if no force acts upon a body, the 
body can be cither at relative rest oi in uniform rectilineal motion. 

If at an instant a body is at lest and from this moment the action of all forces 
upon this body stops, this body will be in one state only, the state of relative rest 
until this body is acted upon by some force which will move it out of the state 
of rest. If at an instant, a body is moving with some speed V, and at this very 
moment the action of all forces on this body stops, this body will continue in 
one stale only, the state of uniform rectilinear motion 

The .speed V will remain the .same until some force acts on the body (this should 
be accompanied by dcmonstiatioiis and conclusions drawn). Thus from this law 
it follows that a body can be in the stale of uniform rectilinear motion only, if no 
force acts upon it. Is it so in reality ? Analysing the type of motion wc said 
that at separate portion of the tiack wc can observe uniform motion of different 
types of transport : motor cars, ships, trains, etc., but it is evident that m such 
cases the engines of the vehicles develop some tractive force. Let us see if these 
examples contiadict the law of inertia Let us have two demonstrations ; 
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Demonstration No. 1 

On the table thcie is a block with two books. In what state is tins block 
with lespect to the table ? It is at iclufivc lesl. In this case no force is acting 
upon the block. Let us apply two equal but o|ipositc foices to this block acting 
along the same stiaight line. Let us sec if the state of lelatne icst of this block 
changes under the action of these two roicc.s What have you seen ? 'I he block did 
not change its state of lelativc rest Such two foices, which aic equal in magnitude 
and act on the same body in the opposite diicctions along the same stiaight line, 
are called balancing foices. You have seen fioin this experiment that two 
balancing foices do not change the state of relative icst. The icsultant action of 
these two foices is equal to zero, just as in matlicmiUics (-1 5) I (—5) givc.s zero 
Hence, we can draw the following conclusion. A body continues in the state of 
relative rest in the two cases—if no foicc is acting on the body oi if two balancing 
forces are acting upon a body. Let us analyse the second demonstuUion The 
motion of a steel ball in the lube filled with viscous liquid is faniiliai to 
you. You saw it W'heii we discussed unifoun motion. WluU foices aic acting 
on the ball which is in unifoim motion. There aie two foiccs—the force of 
gravity of the ball and the force of viscous resistance. These two forces are 
directed along the same straight line and they aic in opposite directions (a sketch 
on the classboard). What conclusion can we draw fiom this dcmonstiation ? 
Evidently, these forces are equal but acting in opposite directions, these forces are 
balancing foices. Hence a body can move uniformly along a stiaight line in the 
following two cases. 


1. If no force acts upon a body 

2. If balancing forces act upon a body. 

Now we can answer the question; why some means of transpoil can move 
unifoimly over a short portion of the tiack only ? Heie, the following two forces 
are acting on the moving vehicle: 

1. The tractive foice of the engine. 

2. The total force of lesistance 

What can you say about these two foices if they set the vehicle in uniform mo¬ 
tion? Hiese two forces must be balancing forces, i.e, F ( ) motion=~F ( ) resistance 

Let us solve the following pioblenis. 

^ automobile which is moving unifoimly in a 

stiaight line is 100 kg wt. What is the magmlude of the total force of rc.si.slancc ? 

is eqrial to 100 kgwtbccau.se if the body moves unironnly, the force of resis¬ 
tance and tractive force must be mutuallj- balancing foice.s. 

. total foice of resistance in case of a steamei moving unifoimly along 

ono'i magnitude of the tractive force 

the engine ? It is 300 kg wt due to the same masons as in problem above. 
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On tlic basis of these two demonstrations, we ean given moic eUboiatc in- 
tcipictation of Newton's fiist law Every body eontinucs in imifoim rectilineal 
motion oi lelativc icst as long as no foicc is acting on this body oi as long as it is 
acted upon by balancing forces. This is to be foi niiilatcd as follows : 

Every body continues in uniform icetilincai motion oi relative icst until it is 
acted upon by non-balancing foiccs. Non-balancmg foices aie the two foices (or 
moic)which aic not equal in magnitude oi do not act upon a body in the same straight 
line in opposite direetions. In our last lesson we said that ineiha is a 
piopcity which is possessed by every object of nature Let us now consider 
if this pioperty manifests itself equally from the quantitative point of view 
111 difl’eient bodies. Let us considci the demonstiation which we perfoimed in the 
lesson—the motion of a ball on inclined plane For this puipose, we shall take 
diffeicnt balls, roll them down from the same height and observe their motion 
on the same hoii/ontal suiface. Pay attention to the path which is covered by 
the halls on the hoiizontal portion befoic they stop Which of the balls coveied the 
longest path 7 Is it the heaviest ball? We can diaw the following conclusion The 
piopeity to continue in icctilinear motion is characteristic of all objects However, 
objects with more mass pos.scss this properly to a greater dcgice Last tune we 
perfoimed an cxpciimcnt on incitia of rest using a glass tumbler filled with water 
If wc repeat tliis expeiiment but without any water in the glass tumbler what will 
happen ? Then you will sec that the glass tumblei breaks. Evidently, both the 
glass tumblers possess inertia of rest but the glass tumbler containing water has 
more mass, and consequently, it possesses more inertia. 

Let us solve the following problems : 

1. Which railway cai can be set in motion with less elToit—loaded one or 
the empty one—provided the portion of the railway track is hoiizontal? Both the 
loaded cai and the empty possess inertia of lest. Howevei, the car of more mass 
has more inertia. 

2. Two railway wagons, one empty and the other loaded, move along 
a hoiizontal path at the same speed. Which of the wagons is more difficult to stop. 
The loaded one; because it has inoie inertia. These demonstrations and examples 
enable us to draw the following conclusions. The mass of a body is the measure 
of inertia of the body. Bodies with larger mass possess more inertia than, bodies 
with small masses. In turn, the greater the weight of body the larger is its mass, 
i.e., the mass of a body is pioporlional to its weight. The mass of a body is one 
of the impoitant characteristics of any object. 

Demonstiation of inertia in vehicles and interpretation of these demonstra¬ 


tions. 
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Home task. 

List of all Demonstrations in Meclianical Motion for the class Vll course 

1. Mechanical motion as a change in the position of a body m ickuion to 
another body on the assumption that the latter is at lest 

2. All types of mechanical motion classified accouling to tlieii liajcctoiies-— 
icctilinear and curvilineai 

3. Some examples of the tianslatory motion of bodies. 

(а) Motion of a motor car model 

(б) Motion of a sliding drawei of a table 

(c) Upward and downwaid motion of the load on a ciaiic model or 
a fixed pulley. 

4. The chaiacteristic features of any tianslatoiy motion of a body. 

5. Examples of rotatory motion • 

(ci) A turbine model. 

(i) A centrifugal machine. 

(c) An electiic motor model. 

6 The characteristic features of any lotatory motion. 

7. Uniform lectilmear motion. 

(a) With the help of a glass tube filled with viscous liquid and a metal 
ball. 

(b) With the help of a trolley. 

8. Non-uniform motion. 

9. Means of measuring time Any pci iodic pioccss used for mcasuiing 
time. 

{a) Show the peiiodic motion of the simple pciiduhnn. 

(b) Show the periodic motion of the twisted hoiizonlal pendulum, 
(fi) Show the working of the tuning fork. 

(d) Show the working of the clock mechanism. 

10. The manifestation of ineitia of bodies in motion, 

(a) An example of the moving tiolley showing how ineitia mani¬ 
fests itself. 

11. The inertia of bodies at rest manifesting itself 

(a) Show the meitia of bodies at rest by pulling out a sheet of 
paper kept under a glass filled with water. 

(fi) The same with the metal disc knocked out from the pile of discs. 

(c) In the expeiiment with a trolley. 

(cl) The mass of a body as the ineasuie of its inertia. Repeat the 
experiment described in (b) with wodden and metal disc. 

12. The state of relative rest not being disturbed if two equal and opposite 
rectilineal forces act upon a body at rest. 
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13. Continual ion of (he state of uniform motions of a body if two equal 
and opposite rectilineal foicc.s act upon it. 

14. 1‘xistcnce of friction wliilc boilies aie in motion. 

(a) 'flic motion of a loller. 

{h) Tlic motion of a ball. 

(t'j 'flic motion of a block. 

15. Method of nioasiuiiig .sliding fiiction 

16. Pcculiaiity of .sliding fiictional foicc. 

(a) .Sliding fiictional force i.s always Ic.ss than the weight of a body. 

(/;) I'lictional ftsrce does not depend on the area of the fiictional 
surfaec.s. 

17. Mcasunng rolling frictional force. 

18. bJmlci the same conditions, the fotcc due to lolling fiiction is less than 
the foice due to sliding friction. 

19. Measuring static friction. 

20. Technique of decicasing haunful fiiction in technology. 

(a) Dependence of sliding fiictional foicc on the quality of the finish 
of the sliding sui faces. 

{b) Technique of decreasing fiictional force by icplacing sliding fiic- 
tion by rolling friction. 

(c) Various kinds of ball-bcaiings and rollei-bearings. 

21. Action and leaction (qualitative). 

(a) Vy'ith two intciacting clastic bodies 

(b) Interactions of two springs in a horizontal plane. 

22. Action and reaction (quantitative) 

(a) With demonstration spiing balances. 

(b) Between a solid body and a liquid, when the solid body is immersed 

in liquid, 
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Composition of Forces 


Eq[uilibnuin of forces 

1. Significance of this chapter 

This relatively small chaptei of the couise of physics I'm class Vll is of great 
polytechmeal significance. Pupils normally assimilate it without much dillicully 
if the methods of'conducting each lesson are cleai-cut and logical. Thi.s chapter 
is important from the point of view of learning because when pupils study it, they 
acquire a more profound understanding of one of the most impoilant concepts in 
physics—the concept of force. 

The knowledge relevant to this chaptei acquired by the pupils eailiei is 
expanded and clarified. A good understanding of the concept of force under this 
topic, facilitate successful learning of the following topics in the course of physics 
for class VII; work and energy, simple machines etc. While dealing with this topic, 
we acquaint pupils with the composition of foiccs, the concept of the centre of gravity 
of the body, types of equilibiium and the stability of bodies. Among these concepts, 
the concepts offeree and the centre of gravity of bodies are most difficult. 

All theoretical points of the topic aic of great polytechnical significance and 
consequently, the teachei can show what role these concepts play in understanding 
the fundamentals of modern technology. 

Let us take up, for example, the principle of composition of foices. In 
fact, one has to deal with these concepts in diffeicnt bianclics of science 
several forces act on the same body, Heie, we need to find out the action of the 
resultant foice. Thus when a motor cai is in motion, it is acted upon by the Irac- 
tive force of the engine, the force of friction, the force of air resistance, gravity etc. 
A railway bridge is acted upon by the force of gravity, the resistance foicc of the 
support, the weight of a tram moving along the biidge and otliei forces. Conse¬ 
quently, m order to be able to construct buildings, bridges, machine-tools and 
machines, it is necessary to know well the laws of composition of forces. 
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The concept of the centie of gravity of bodies is also veiy important. If 
the centie of gravity of the wheel of a lailway carnage does not coincide with its 
axis, an accident may take place Equally impoitant is to calculate piecisely the 
location of the centie of giavity of atuibine wheel, of the shafts of various machines 
and machine tools which pcifoim a great niimbei of revolutions m a unit of time. 
Even small ciiois m deteimining the centre of gravity of these bodies may cause 
bieakage. 

n. The content of the chapter according to the syllabus. 

According to the syllabus, this chapter compiises the following points : 

I. Composition of two forces acting in the same straight line; the resultant 
force. 

2 The centre of gravity 

3. Types of equilibrium of bodies having an axis of lotation 

4 Eqiulibiium of bodies resting on a base. 

5. Laboratoiy woik No. 2 ; 

“Deteimination of the centre of gravity of flat bodies”. 

ni. Analysis of the most important concepts 

The concept of foicc as well as the concept of mass, energy and work is 
one of the principal concepts of physics. It is essential pnmaiily for the teacher 
and also for the students to understand correctly and profoundly what is meant 
by this fundamental concept We first come acioss this concept while studying 
mechanics At latei stages, this concept is used when molecular phenomena aie 
studied: the siiiface tension of liquids, its viscosity, etc. We come acioss concept 
of force when electiicity is studied, viz , the action of the electric and magnetic fields 
on chaiged paitides (electrons, protons, ions). 

Foice is the measuie of the interaction of bodies It appears in the process 
of interaction between two bodies In othei words, force manifests itself m the 
iiitei action of bodies 

Also, it is necessary to understand well, the two possible manifestations of 
foice—appealance of acceleration and origin of deformation. The most complete 
definition of the force is the following : 

\ The force is a vector chaiacterising interaction of bodies which causes accelera- 
jtion deformation or both deformation and acceleration How do the various actions 
of force manifest themselves ?'if a body is acted upon by a force which is perpendicular 
to the surface of the body without causing any displacement of this body, the result 
of the action of the force is deformation of the body, yiz. a change in the shape or 
the volume of the body. Deformation is also caused by a force, if the magnitude 
of the force acting on the body is smallei than the force of static friction. In all 
these eases when a force causes acceleration in the motion of a body, theie is a partial 
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defoimation of it. In the case of absolutely ligid bodies the foice will be causing 
acceleration in the absolutely iigid body. 

The action of any foice on a body is deteimined by the following three 
factors. 

1 The magnitude of the foice. 

2. The diicction of the foice. 

3. The point of application of the foice. 

The magnitude of the foice is deteimined by Newton’s second law The 
equation F =m, a shows the lelationship between the change in the speed, the 
inert mass of the body m on which the foice F is acting 

Hence, we can expiess the magnitude of the foice. 

dv 

F=tti - or F=m.a. 

dt 

It is easy to demonstiate by simple expeiiments that change in any one of 
the characteristics of force ; magnitude, the direction, and the point of application 
causes a change in the action of the force. In statics, it is convenient to show 
forces as straight lines in diffeicnt directions whose lengths denote the magnitude 
of the foice given on scale. Thus if a foice F of 3 kg wt,, which is hoiizontal 
and applied at a point, acts upon the body A, this force may be expressed as 
shown in Fig, 1 
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The giaphical method of expressing foices is widely used in statics and in 
solving various pioblems. 

Two foiccs rcgnidcd as vectois aic consideicd equal in their action, if alt 
the thicc chaiactciistics of the force identical, i.c , if the forces are equal in magni¬ 
tude and have the same direction and arc applied at the same point. 

The composition of force is of great polylechmcal significance It accounts 
foi the fact that in practice, in eveiyday work and in natuie we observe the simul¬ 
taneous action of several foices on the same body In such cases we cannot give 
an answei to the question, what will be the resultant action of this force on the body 
However, we can easily establish the natuie of the action of one foice on the body. 
Thus, if we put a block on a table and a foicc is acting noimally on this block 
without causing its displacement, we can say that the action of the force lesults in 
the deformation of the body. 

If in a similar case the direction of the foicc is parallel to the surface 
of the tabic and this foice exceeds the foicc of static fiiction, wc state that the action 
of the force will result m the acceleration of the motion of the block Consequently, 
the significance of the physical action of the composition of forces, consists in 
replacing several foices acting on the same body by one foicc equal in action 
to several foices. It also enables one to establish the nature of the action of the 
resultant force on the same body. 

If a body is acted upon by two forces inclined to each other, the magnitude 
and the direction of the resultant is determined by the paiallelogiam law. The 
lesultant of two forces acting at an angle is repiesented by the diagonal of the 
parallelgoram constructed out of these foices. Consequently, forces as well as some 
other vectois (velocity, acceleration etc) aie added up accoiding to the 
parallelogiam law, i e., geometrically. 

Hence to find the resultant of two foices acting on a body at an angle, it 
is necessary to construct a parallelogram with these forces as its sides and to draw 
a diagonal from the point of the application of these forces. Fig. 3. If 
the acting foices are expressed by the vectois, the lengths of which on an accepted 
scale represent the magnitudes of these foices, the length and the direction of the 
diagonal will be the magnitude and the direction of the resultant force. 

If the forces are acting in one straight line in one direction Fig, 4 the resub 
tant is equal to the sum of the forces acting in the same diiectioii, 

If the forces are acting along the same straight line but in opposite direc¬ 
tions, the resultant is equal to the difference of the two forces acting along the 
same straight line in the direction of the greater force Fig. 5, 
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If more than two foices aie acting on a body, the resultant can be calculated 
by adding up the foices consecutively. Fii.st vve should find the resultant R 1.2 of the 
first two foices Fj and F„. Then the foicc F.i should be added to the lesultant 
foicc R^,.j and the IV lesultant foice Ri.^.n be found, etc. 

Methods of studying the concept of force 

The foimalion and development of the concept of force in the school course 
of physics is a long complex piocess This should be first introduced in class VI 
and then giadually developed and enriched 

While learning physics, pupils alicady have an idea of foice associated only 
with musculai efforts, In class VI, the studies of physics begin with an analysis 
of a paiticular type of foice—the foice of gravity. Piocecding fiom the phenomena 
familiar to pupils, i.e , falling of bodies, stretching a thread by some load and the 
pressuic excited by a body on a surface because of the foice of giavity, the teacher 
intiodiices the concept of the foice of gravity. Pupils’ acquaintance with the 
action of gravitational foices and the necessity to piepaie them for the study of 
hydrostatics requites informing pupils about some elementary data of the foicc of 
gravity and the weight of a body at the very fiist stages. Dealing with the topic 
“foice and its measurement” the teacher develops and expands the concept of 
force. Pupils get acquainted with some paiticular examples of the manifestation of 
force when defoimations and displacements take place. It is imperative that transition 
from the so-called everyday concept of foice to the scientific concept of force should 
be carried out. A spring balance can be used in introducing the idea of the 
magnitude of force and the point of application of the force. The teacher should 
emphasize that foice may not act only vertically as m the case of the force of giavity 
but in any direction, for example : the tractive foice of a horse, a tractor, a 
motoi cai. 

Studying Archimcdc’s law, pupils also learn that two forces may be applied 
to a body—the weight and the buoyancy of a liquid or a gas. Here pupils meet with 
a particulai case of composition of forces acting veitically along the same straight 
line in opposite directions 

The first topic of the physics couise in class VII “Mechanical motion” 
contain a more elaborate concept of force. Discussing the law of ineitia, the 
teacher introduces the concept of the balancing forces as equal and opposite foices 
applied to the same body and acting along the same straight line. Later, we again 
deal with these balancing forces while discussing the method of measuiing the force 
of sliding friction Thus we acquaint pupils with a particular case of composition 
of two forces directed along the same straight line. Again, in this topic, we analyse 
the law of inertia which selves as a basis for the dynamic interpretation of the force 
as the cause of change in the speed of a body In the physics couise for class VII 
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■we do not introduce the concept of acceleration of motion oi Newton’s second 
law Consequently, it is not possible to intioduce the concept of force as a cause 
of the acceleration of the motion of bodies. Howcvei, by discussing Newton’s 
first law in this aspect, pupils are piepaied foi a successful study of the laws of 
dynamics at the second stage. They will undeistand well that if the icsultanl of 
all the forces acting upon a body is not equal to zero the body will move with 
an acceleration, the magnitude of which is propoitional to the lesullant foicc 

Thus undei the plan given, some conciete examples aie used in the presen¬ 
tation of all the thiee types of foices dealt within mechanics (the force of giavitation 
for the system, the body—and the eailli, elasticity and friction) caused by the in¬ 
teraction of bodies. Besides, pupils are told of the elements of force and its vaiious 
mechanical effects : piessuie on the support, the stietching of a thiead, change 
in the speed etc. All this should be taken into account by the teacher when he begins 
intioducing this topic Eveiything about force that was leaint by pupils in the 
physics course of class VI as well as in the first topic in class VII, should be icvised 
by pupils under the guidance of the teacher, while piocecding further, the teacher 
should extend and develop this knowledge so that the pupils could foim a clear 
understanding of this important fundamental concept of modei n physics Un¬ 
doubtedly, the pedagogical effort connected with assimilation of this topic depends 
on the way of the discussion of the concept of force in the course of physics of 
class VI and presenting the flist topic of the physics course of class Vll. Asa 
lesult of the revision and getting a more profound and systematic knowledge of 
force, pupils should understand the following points conceimng the concept of 
foice : 

1 Force appears in the piocess of interaction of bodies (at least two bodies). 
This point should be developed pioceeding fiom the elemental y knowledge of 
Newton’s third law intioduced in the first topic. 

2 Types of forces and their nature.—Heve, we include the force of gravity, 
and friction. The force of gravity is the force with which bodies are attiacted by 
the earth This force manifests itself in the piessure which bodies exert on their 
supports 01 in the stielching of a thiead from which a body is suspended The 
force of gravity or the weight of a body can be measuied with a spring balance. 

The force of elasticity emerges in bodies when their shape or volume is 
changed. This force acts upon the ciossection of a body and is directed against the 
deforming force. What is the nature of these forces ? When dcfoimation is caused 
by pressure, the distance between the molecules dccicascs, the foices of repul¬ 
sion grow more quickly than the foices of attiaction, repulsion overcomes the attiac- 
lon between molecules and the body resists pressure. Conversely, when defor¬ 
mation IS cansed by stretching, the distance between the molecules increases the 
forces of repulsion decrease more quickly than the forces of attraction, attrac¬ 
tion overcomes the lepulsion of the molecules and the body lesists stretching. 
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Why should we draw Lcachei's attention to the foices of elasticity when a body 
is defoimed This is nccessaiy to make clear that a foice cmcigcsin the pioccss 
of the inteiaction of two bodies It tiiins out that when bodies aie in immediate 
contact, they act on each other only if they cxpeiicnce deformation. A thicad 
is acting on a cariiage with some foicc because it is stictchcd (defoimed), a loco¬ 
motive pushes a wagon because Us spiings aie piessed and so on. From the 
magnitude of these deformations we deteiniinc the foiccs with which bodies act 
on one another. Hence, when we say that foice emeigcs in the pioccss of interac¬ 
tion between bodies, this is to say that foice emeigcs m the piocess of mutual de¬ 
formation of interacting bodies Howevei, m cveiyday life and technology, these 
defoimations are not always observable to the naked eye This is paiticulaily 
true of the interaction between solid massive bodies. These deformations 
are not observable only because they aie small but they always exist. Thus, if a 
riibbei band thread is tied to a cairiagc and then pulled by hand, the cairiage will 
move Observing this interaction of bodies, we easily delect the stietching of the 
rubber band (its deformation) but we fail to detect the defoimation of the carriage. 
In reality, the carriage is also defoimed but this defoimation is much smaller and 
cannot be detected visually Why does deformation take place at all, when bodies 
interact ? Deformations take place because different parts of the same body move 
differently. If all the paitsofa body moved equally m the same way the 
body would preserve its original shape, le., it would lemain undeformed. Let 
us claiify this by the following example. Let us take a soft pencil eraser (Fig. 
No. 6 a). When the eraser is pressed with a finger, it moves and the fingert effected 
the upper layeis of the eraser wheieas the layers nearer to the table are no displaces 
by the action of the finger and lemain stationaiy. Because of this the eraser changes 
its shape. The movement of the finger, when it piesses the eiaser, causes a change 
in the mutual arrangement of the individual parts of the body and in the shape 
of the body and deformation takes place In the process of defoimation, the rubber 
act with some foice on the bodies which are m contact. To demonstrate it let 
us put a small lead shot into the depression formed by the finger and then remove 

the finger. (Figure No. 6b). 
The shot will move up 
I ^ I and consequently, we can 

say that the elastic foice 
-'(1'^ ^ shot. If a 

spring is suspended fiom a 
( I _ I stand and a weight of 2 

kgwt is attached to the 
T loose end of the spring, 

the spring will be deformed 
(stretched). Consequently, 
some elastic force is acting 
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on this spring. The weight of 2 kg produces, m this case, the foice of deformation. 
Consequently, these two forces act ahmg the same straight line but in opposite 
directions Since the system is m a state of lelative rest, these two foiccs must 
be equal according to Newton’s fiist law, i.e., the elastic foice due to dcfoimation 
must be equal to the defoiming foice. This is used in measuring the clastic force 
produced during defoimation. When bodies are in immediate contact, we observe 
the emergence of foices produced during the deformation. These aic the forces 
of friction. We dealt m detail with the nature of these foices when analysing the 
first topic and shall not therefore discuss them here 

3. The characteristics of a force 

Proceeding from the properties of foice with which students aie aheady 
acquainted, it is essential to show that any foice iriespcctive of its natuic has thiee 
characteiistics : 

O') Magnitude 

O'l) Diiection 

(ill) Point of application 

Simple expeiiments should be used for clarifying these points to students 
and teaching them how to express these forces graphically. 

4. The action of a force depends on ail the thiee characteristics of it, 
It is possible to piove this by very simple demonstiations. Let us put to pupils 
the following que.stion. Does the action of the force depend on the magnitude 
of the foice ? Fiist, let the students speak and then give an answer to this ques¬ 
tion on the basis of demonstration. Then we put the following question: Does 
the action of the force depend on the diiection of the force, other conditions being 
same? (i.e., if the magnitude and the point of application remain the same). 
The teacher should show the second demonstration. 

Finally, the teacher should put the following question: Does the action of the 
force depend on the point of application, other conditions being the same ? Now 
we can draw the general conclusion that the action of the force is determined if 
all the three characteiistics are given (the magnitude, the direction and the point 
of application). Consequently, if even one of these chaiacLciislics is changed, 
the action of the force changes as well. 

5. Composition of forces 

Here we discuss only one particular case of composition of foices, viz. the 
composition of forces acting along the same stiaight line. At the beginning of the 
discussion it is advisable to analyse those cases in technology when two forces arij 
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acting in the same straight line on the same body Then the teacher sliould proceed 
to the cases of composition of foices which aie familiar to pupils, viz , uniform 
motion of a body when fiiction is present (demonstration of the uiiifoim motion 
of a ball in a viscous liquid) These expeiiments should be accompanied by 
sketches indicating the foices acting on the body Then pupils should be leminded 
of another case of composition of forces acting along the same straight line with 
which they aie acquainted. This is the action of foices on a body immersed in 
a liquid. In this case the following two foices act on the same body along one 
straight line in the opposite directions’ The force of giavity acting vertically down¬ 
wards and the force due to Archimede’s thrust acting vertically upward. Then the 
teacher should pass over to the composition of the two forces acting along the 
same straight line in the same direction After this demonstration, the teacher 
should give the deJinition of the resultant force as a single foicc equivalent to 
the given forces in its action. From the concept of the resultant force and the 
data supplied by the experiment, the teacher gives the rule for composition of 
two forces acting along the same straight line m the same direction. Problems 
should be solved by pupils on the basis of this rule The result of the experiment 
should be formulated not only oially but the teacher should show that this can be 
done also by graphical method of expressing forces as vector quantities. 
The magnitude of a force can be shown as a line of a certain length if some units of 
length is chosen to be regarded as a unit of force The direction of the force is shown 
by an arrow in this straight line while the point of application is shown as a point 
at the beginning of this line. The following stage in the presentation of the material 
IS the discussion of the composition of three foices acting along one straight 
line in the same direction. The same arrangement can be used which was used 
for determining the resultant of the two foices. Finally pupils should be shown 
experiments to prove that this lule is valid not only for the foices of gravity acting 
veitically downwards but also for any three forces acting in any direction. The 
following demonstration can be used for the purpose : 


One end of the spring should be fixed to a stand on the foot of which a massive 
body should be placed. The loose end of the spring should be connected to a thread 
which should go over a fixed pulley clamped to another stand. Another massive 
body should be placed on the base of the second stand. Arrange both the stands 
so that the springs should be horizontal. Then to the loose end of the thread, 
attach two weights of 100 g and 200 g. Maik off the distance to which 
the spring was stretched under the action of the two forces. Then take 
off both weights and suspend one weight of 300 g and again mark the increase 
in length. Compare the results of both experiments and see that the stietching 
caused by the two weights is equal to that caused by one weight. Consequently 
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the weight of 300 g is the lesultant of the two weights of 100 g and 200 g acting 
along a straight line in the same cliiection. 

6 Composition of forces acting along a .untight line ui opposite directions 

The question should be put to pupils How can we find the lesuUnnt of two 
foices acting along the same straight line in opposite diicctions ? The teachei 
gives pupils a simple iiumeiical pioblcm, and asks them to speak on this pioblem 
Then the answeis aie verified by the lesiilts of a demonstration. On the basis of 
result the following rule is formulated ; 

The resultant of two foices acting along the same straiglit line in opposite 
diiections is equal to their diffeiencc and acts along the same stiaight line in the 
diiection of the bigger foicc (The point of application can be located at any point 
in the line of the action of the force). Then some pi oblcms should be solved and 
accompanied by their giaphical illusliation (with the help of vectois) Then the 
teacher should go back to the concept of the balancing foice intioduccd carliei, 
the concept of ineitia and the foimulation of Newton's fust law For this ptnpose, 
we examine a paiticular case of composition of two forces acting along the same 
straight line in opposite directions when these two foices are equal in magnitude. 
We perform the same demonsLiation (but with equal foices) which shows that the 
resultant of these two foices is equal to zeio. FIcnee, it follows that balancing 
forces can be defined as two forces acting on the same body, the resultant of which 
is zeio. Consequently, the property of ineitia can now be formulated in the 
following way; A body continues in uniform and lectilinear motion or in the state 
of relative rest if it is not acted upon by any force or it is acted on by a system of 
foices the resultant of which is equal to zero Wc can also claboiatc on the concept 
of non-balancmg forces introduced eailicr. Two or moic forces, the resultant of 
which is different fioin zeio, are called non-balancing foices. 

Finally, we can formulate diffeiently Newton’s first law. A body continues 
in uniform rectilineal motion or m the slate of relative i esL until this body is acted 
upon by a force or a system of foices, the resultant of which is different from zcio. 
While concluding of the discussion of this sub-topic—‘the composition of forces’, it 
is necessary to show an experiment where a body is acted upon by two foices in¬ 
clined at an angle It will be remembeied that this fieqiicntly takes place in piaclice 
and 111 this case the resultant force will be smaller than the sum of component 
foices, but gieatei than their diffeiencc 

7. The centi e of gravity of a body 

The fact that pupils do not know the composition of parallel forces and 
rule of moment for bodies having an axis of rotation does not allow the teacher to 
make use of the analytical method of presentation of the niateiial in discussing 
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this question. Theiefoie, all explanations should be based on cxpeiiment. In 
the beginning of discussion the teacher should introduce the concept of the centre 
of giavity of a body. Pupils alieady know that evciy body has a weight, and 
the weight is a force with which the body is attiacted by the eaith, and 
consequently, the weight of any body is diiected veitically downwards. They 
also know that the weight of any body can be measured in kgwt (in gwt) by a 
spring balance. The direction of the force due to the weight is known but we 
diaw pupil’s attention to the fact that any force, and consequently the weight has 
three chaiacteristics. Two of these characteristics are already known to pupils, 
these are the magnitude and the diiection. What can we say about the third 
characteiistics, the point of application of the foice ? Let us divide a body into 
a great number of parts. Then we can say that the weight of the body is the sum 
of the weights of all these small portions forming the body. The weight of each 
such small paiticle can be expiessed by a small vector directed veitically downwards. 
Consequently all these elementary weights (particles of the body) will be parallel to 
each other. We shall be able to find the resultant of all these elementary weights 
It is natural that the magnitude of this lesultant weight will be equal to the 
magnitude of the total weight of this body. This force will be directed vertically 
downwards and the point of application of this resultant will be indicated by the 
centre of gravity of the body (Fig. No. 7). 



Fig. 7. Fig. 8. 

Hence the resultant force of giavity act at the centre of gravity of. the 
body. Then from various examples from technology, it is necessary to emphasise 
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the impoitance of finding couectly the centic of giavity of diffeiciiL bodies. The 
teacher should bear in mind that finding the ccntie ofgiavity by the method 
of composition of two foices is a lathci complex task for the pupils. This task 
IS solved lather easily on the basis of the position of paiallcl foiccs if the body 
under examination consists of two parts Oj and Oa being connected with a lod 
{Fig No 8) 

If the mass of the rod is small in comparison with the masses of the 
parts Ml and Ma, it may be neglected. Each of the two masse,s is acted upon by 
the foice of giavity. Hence Pi=Mig and pa=Mag Consequently, the task of 
finding the centre of gravity of a given body comes down to finding the point of 
application of the resultant of two paiallel foices. Under the rule of composition 
of parallel foices acting along the same dnection, the point of application of the 
resultant divides the line connecting the points of application of the paiallcl forces 
into portions inversely piopoitional to the foices. Consequently, 


-fc = Hence, ■ 

pg OOi lOOi 

Consequently, the centre of giavity divides the distance between the two masses, 


in the inverse latio of their masses. Elence, the conclusion may be diawn that 
the centie of gravity of the body constituted of two equal masses, is in 
the middle of the line connecting these two masses That is why we can vei y 
easily solve the pioblem of finding the centre of giavity of homogeneous bodies of 
regular shape. 


It is clear that the centre of giavity of a 
homogeneous lod lies m the middle of it because 
equal masses are located at the same distance 
from the middle of the rod. Since any 
diameter {Fig. No. 9) of a homogeneous lound 
disc divides it into two equal and symmetrical 
halves, the centie of gravity of this disc is 
located in all of the diameters, i e., which is 
at the point of their intersection, at the geomet¬ 
rical centre of the disc 0. By similar reasoning, 
it IS possible to find that the centie of giavity of 
a ball lies at its 'geometrical centre. The centre 
of gravity of a homogeneous parallelepiped lies 
at the intersection of its diagonals and so 
on. If the body is of an iiregular shape and if tins body is Imterogcncous, the 
calculation in finding the centie of giavity becomes lalher dilTiculL and the centre 
,of giavity IS more easily found by expeiiment If some solid body is 
suspended from a thread, for instance, a piece of plywood, it will occupy a 
certain position {Fig. No. 10). 
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In this case the body will be affected by two forces, the weight of the body, 
and the tension of the thread In these conditions the body is at relative i est and 
it follows that these two forces are balancing forces because, the force due to 
tension of the thread and the weight of the body, balance each other. Hence 
it follows that these forces are not only equal in magnitude but also act along one 
straight line in opposite diiections. Consequently, the centre of giavity of the body 
IS the point through which the resultant force, due to the weight of the body, acts 
and it also lies in the same vertical straight line. Therefore, drawing a straight 
line on the piece of the plywood le-presentiiig a continuation of the thread, we 
can state that the centre of gravity of the body lies on this stiaight line If we 
suspend the same body from different points and draw similar lines on this body, 
we shall see that all these lines will intersect at one point. If the weight of a 



TEA-CHER S GUIDE FOR PHVSICS CLASS Vll 


body or its shape is changed the position of the cenlie of giavity of the body 
changes as well. Thus, when the stock of fuel is consumed, the centie of gravity of 
a plane or a locket changes its position. 

The following simple demonstration can be used to 
prove this point Let us take a block consisting of two 
halves connected with each other on hinges. Let us attach 
a thread to the middle of the block and suspend the block by 
the thread. (One block forms the extension of the othei). 

{Fig. No 11) The centre of gravity will lie on the other axis 
of the block. If this system of blocks is bent {Fig. No. 12), 






Fig. 11. 



1 


Fig. 12. 

the centre of gravity will lie at a point outside the blocks at the bisector of the angle 
which IS formed by the blocks. Consequently, the centre of gravity of some bodies, 
for example, the above-mentioned combination of two suspended blocks at an 
angle to each other, or a ring etc., may he outside the given body. Finally, it is 
necessary to remember that the centre of gravity of any body does not depend on 
the position of the body in lespect to the earth. The centre of gravity depends 
solely on the distribution of mass in the body. 

8. Types of equilibrium of bodies 

The conditions of equilibrium of the bodies which turn about a 
point 01 an edge of the body, or the base, can be easily explained from 
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the fundamental principle existing in natuic, namely, that the all bodies 
in nature tend to occupy the position wheie their potential eneigy is 
minimum. While discussing m school the types of eqiulibiium of bodies having 
an axis of lotation, we introduce a concept of three types of equilibrium ; 
stable, unstable and neutial. When the types of equilibiium are studied, 
the question aiises in what positions the body may be stationary in spite of being 
acted upon by forces. The following phenomena aie demonstiated and claiified. 
A metal lod is fixed hoiizontally to the stand. Fiom this lod a luler is suspended 
which has thiee holes,—two at the ends and one in the middle At fiist the luler is 
suspended using the uppei hole {Fig No 13) If the body is deflected to the light 
or to the left, the moment of the foice of gravity will cause its rotation aioiind the 
point of suspension The riilei will go on oscillating until it occupies the initial 
position If we attach a plumb line to the axis we shall see that the point of suspen¬ 
sion and the centre of giavity of the rulei (the hole in the middle of the lulcr) 
lie on the same straight line. Here, the moment of the foicc of giavity is equal to 
zero. The weight of the body is balanced by the reaction of the support 
on the side of the axis and the centie of gravity lies lower than the point of suspension 
on the same vertical line and this position is the lowest possible position 
for this body. Hence we can give the following definition: Equilibrium is called 
stable if the centre of gravity of a body occupies the lowest position. If theie is no 
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Fig. 13. 





Fig. 14 
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indication of the centre of gravity of a body, the following principle may be used for 
finding out the type of equilibrium The type of equilibrium, where a body, when 
displaced fioni the position of equilibrium, regains it again, is called a stable equili¬ 
brium. We have explained the return of the body to the position of equilibrium 
by the effect of the moment of the force of giavity. But we could have explained 
the same phenomenon fiom the piinciple of the minimum potential energy of the 
body Indeed when we move the rulei out of equilibrium to the right or to the 
left we can see from Fig. 13 that the centre of gravity of the body moves 
up as compared to the position of the equilibrium and consequently, the potential 
energy of the body increases according to the formula Ej,=Ph where Pis the weight 
of the ruler and h is the distance of the centie of gravity from the eaitli. Con¬ 
sequently, a body regains equilibrium because each time it was deflected, the body 
tends to occupy the position of minimum potential energy. While presenting 
this point to pupils we only perform this experiment and give a definition of stable 
equilibrium If the ruler is suspended using the lower hole {Fig No. 14) we can 
demonstrate unstable equilibrium. Equilibrium is called unstable if the centre 
of gravity of a body is lowered when this body is deflected from the state of equili- 
biium. From the principle of minimum potential energy it follows that when a 
body is dlstuibed fiom equilibrium and its centie of gravity is lowered, amount of 
potential eneigy of the body is decieased. As the body tends to continue in the 
state of the minimum potential eneigy it does not return to the original position in 
which the body possessed more potential energy. Finally, if we fix the ruler by 
the hole going through the centre of gravity of the ruler (through the middle part) 
we shall observe neutral equilibrium {Fig. No. 15). Equilibrium is called neutral 
when a body is displaced and the distance from centie of gravity to the surface of 
the earth does not change. This aiises from the fact that at the same height 
of the centre of gravity of a body in respect to the earth, theie is no change in the 
amount of the potential energy of the body i.e. W (h)=P. h.=const. in respect to 
the eaith In order that the pupils easily assimilate the material concerning the 
peculiarities of the types of equilibrium it is necessary to solve a few qualitative and 
experimental problems which we suggest later. Now we proceed to the discussion 
of the conditions of stable equilibrium for bodies having an area of support. For 
this purpose it is necessaiy to show a demonstration using a parallelepiped formed 
of planks joined with one another on hinges. The opposite of the parallelepiped 
are connected with rubber threads and a plumb line is attached to the point of their 
intersection. The three following cases should be demonstrated by using this parallele¬ 
piped. 

1. The vertical line coinciding with the plumb line passing through the area 
of support {Fig. No. 16). 

2. The vertical line passing through the edge of the base (Fig. No. 17). 

3. Th? vertical line falling outside the area of support. {Fig. No, 18). The 
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Fig 15. 


Fig. If). 



Fig. 17. 


Fig. 18. 


following conclusion can be diawn from this demonstration. A body is in stable 
equilibrium if the vertical line passing through the centre of gravity of the bol 
intersecting the area of support. Then the teacher ^ I h, ° 

demonstration helping to find out the condition of equilibrmm d^IendLg ^on^ho 
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position of the centre of gravity of a body in lespect to the stiiface of the eaith. 
For this purpose a wooden rectangiilai paiallelepiped can be used. Diagonals 
are drawn on one of the sides The point of their intersection 
to which a plumb line is fixed, lies at the same height as the centre of gravity 
of the parallelepiped Pupils attention should be drawn to the fact that in 
turning the paiallelepiped around its edge, the ceiitie of gravity of the parallelepiped 
first goes up (stable position), then occupies the highest position (unstable position) 

F 


♦ 


\1/P 

Fig. 19. 

Note : In order to make the above demonstration more visible, the parallele¬ 
piped can be placed on the edge of a flat board and, to raise the other 
end of the board at different angles {Fig. No. 20). 


and then goes down In the first case the 
force of gravity returns the body to the 
initial position; in the second case is the 
moment of gravity equal to zero. In the 
third case the body topples over. The 
limiting angle, beyond which, if the 
body turned, topples aftei being over 
is called the limiting angle of stability. 
It can be measuied by a demonstration 
protractor. (It should be borne in mind 
that at this angle of inclination the moment 
of the force of giavity is equal to zero). 



Fig. 20 
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Y. Problems 

A. Composition of Forces 

1. Express as vector a force of 3 kgwt acting on a body—houzontally. 

2. Express as a vector a force of 2 kgwt. acting on a body vertically upward 

3. Express as a vectoi the weight of a body equal to 5 kgwt. 

4. Expiess as vectois the tractive foice of 5 kgwt and the foice of fiiction of 
3 kgwt acting on the same body 

5. Express as vectois tractive force and foice of friction acting on uniformly 
moving body if the tractive foice is 3 kgwt 

6 Express as vector the tractive foice and force of fiiction acting on a iini- 
foimly moving body if the foice of friction is 5 kgwt. 

7. Expiess as vector the forces acting on a body at lest on the top of a table 
if the weight of the body is 2 kgwt. 

8. Express as vector the forces acting on a body at rest if the foice of 
leaction of the table is 5 kgwt 

9 Expiess as vectois the forces acting on the same body along the same 
straight line and in the same diiection if one foice is 3 kgwt and the second is 4 
kgwt. 

10. Express as vectois the forces acting on the same body along the same 
horizontal straight line in opposite direction if one foice is 5 kgwt. and the other is 
2 kgwt 

11. Express as vectors the foices acting on the same body along the same 
veitical line if the foice diiected downward is 8 kgwt and the iipwaid force is 5 
kgwt. 

12 Two weights of 100 gwt each, stietch a spring. What is the weight that 
would cause the stretching of the spring by same length 

13. What IS the resultant of the two forces applied to a body at point A and 
acting m one straight line in opposite diiection, if one foice is 10 kgwt and the 
other 3 kgwt? 

14. What is the resultant of the two forces applied to a body at point A {Fig. 

No. 21)? 




- 

F| = l Kgwt. 


«■ 

A 


Fig. 21 


Fj=4 Kgwt. 



<—^ 
F,= 4 Kg. 
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A 


F2=5 Kg. 


Fig 22 

15. What is the resultant of the tliiee foices applied to a body at point A (Fig. 
No. 22) 

16 Is it possible to weigh a body approximately 6 kgwt with two dyna- 
mometeis each of which has a 4 kgwt limit? 

17. Two engines aie sometimes used foi diiving heavy tiainsrone m fiont of 
the train and the othei as a booster. Find the force of resistance when the train is 
m uniform motion if the fiist engine produces the tiactive foice of ISOO kgwt 
and the second of 10,000 kgwt. 

18. A boy whose weight is 40 kgwt holds a weight of 10 kgwt on 

his hand What pressure does he exert on the earth 

19. Can the lesultant of two forces of 4 kgwt and 5 kgwt acting 
on a body along the same stiaight line be equal to 2 kgwt, 3 kgwt, 8 kgwt and 10 
kgwt ? 

20. Three forces of 3 kgwt, 4 kgwt and 5 kgwt, aie acting on a body along 
the same stiaight line. Can the resultant of these foices be equal to 1,2,3,4,5,6,10,12 
and 15 kgwt? 

B. Centre of Gravity 

1. Indicate the position of the centre of giavity for each of homogeneous 
flat bodies (shown in Figure 23). 




Fig. 23 

2. How IS it possible in piactice (without calculations) to find the centre of 
g'avity of flat bodies cut of cardboard or plywood? 

3. How can you find (roughly) the centre of gravity of a pencil, a pen, a brush, 
a fi’e and a screw driver? 

4. How can you find the middle of a glass tube without measur ng its length? 
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5. The right-hand part of a rod is made of iion, the left-hand part of the same 
length is made of copper Diaw a picture and indicate the approximate position of 
the centie of gravity of the lod with a point. 

6 When docs the centre of giavity of a tall tiee occupy a highei position m 
autumn when the leaves have fallen, or in siimmet 

7. Which of the two similar loiiies has a higher ccntie of gravity in respect of 
the eaith if one of them is loaded with sand and the othei is loaded with wood, the 
weight of which is equal to the weight of the sand ? 

8. A part 200 centimetres long, was cut of a steel tube. In what diiection 
and by how many centimetres did the centre of gravity of the tube shift? 

9. Why does a man bend forward when canying some load on his back ? 

10. Why is it not possible to stand up fiom a chair without either bending a 
little forward or bending the feet a little ? 

11. Why does a weight attached to the tail of a flat figiiie imitating a pairot 
cut of plywood, make it siable? 

12 Two buckets {Fig. No 24) contain equal quantities of water. Whxh of 
them is more stable‘s 

13. Why are the bases of chess figures filled with lead? 

14. What is used for increasing the stability of table-lamps, table-clocks and 
lifting-cranes. 



%. 24 , 
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15. In which position is the stand with a suspended weight moie stable ? 
{Fig No. 25a, b). 



a Fig. 25 b 

16. Figure (26a, b, c) shows a brick in three diffeient positions, Which of 
them is the most stable and the most unstable? 





17. Why IS It not allowed to go standing in an open lony? 

18. Why do ducks and geese waddle when they walk? 
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Fig. 27 

19. The tables in picture have the same weight. Winch of them is the most 
stable"? (Fig. 27) 

20 To keep a stick in a veitical position on a finger, one has to move the 
finger in space. Why ? 

V. Topical Plan of the Second Chapter in the Physics Course for Class VII 


COMPOSITION OF FORCES; EQUILIBRIUM OF BODIES 

Nos. of Date of the Topic of the lesson Method of Demons- tiome 

lessons lesson work tration work 


1 . 

2 . 


3. 


4. 

5. 

6 . 


7. 

8 . 


Characterstics of 
forces 

Composition of forces 
acting in one duec- 
tion along the same 
straight line. 

Composition of forces 
acting along one 
stiaiglit line in op¬ 
posite directions. 

Solving pioblems on 
composition of for¬ 
ces. 

The centre of gravity 
of a body. 

Laboratory work No. 
2, “finding the cen- 
tie ofgiavityoffiat 
bodies.” 

Eqiiilibiium of bo¬ 
dies with the axis of 
rotation. 

Equilibrium of bodies 
resting on a sup¬ 
port. 


Teacher’s 

talk. 

Do. 


Do. 


Pupils’ in¬ 
dependent 
work. 
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DETAILED PLANS OF ALL LESSONS OF THIS CHAPTER 

Lesson No. 1 


Topic : Characteristics of force. 

Aim : To explain to the pupils that the action of a force is determined if the 
following characteristics aie known : 

(a) Magnitude of force. 

(b) Direction of force. 

(c) Point of application of foice. 

I. Plan of presentation of new mateiials. 

1. Three types of forces; the force of gravity, the force of elasticity, the 
force of friction. 

2 Manifestation of the action of the foice. 

3. How do the forces appear ? 

4. Characteristics of forces—the magnitude, direction and point of appli¬ 
cation. 

5. The action of the foice changes, if at least one of its characteiistics 
changes. 

6. Graphical representation of forces, 
n. Retention. 

Questions for the whole class: 

1. How do the forces appear? 

2. How do the forces manifest themselves"? 

3. How does the action of a force manifest itself in producing the deforma¬ 
tion of a body? 

4 How does the action of a force manifest itself m changing the state or 
speed of a body ? 

5 Which characteristics of a foice do you know? 

6. Which two forces do we call equal forces? 

7. Solving problems on representing forces with vectors. 
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IIJ. Home task. 


Lesson No. 2 

Topic ; Composition of foices acting along one straight lino and in one 
direction. 

Aim ! To explain the pupils the concept of the lesultant foices. 

I. Questions to pupils 

1 Which characteiistics of foices do you know? 

2 Show experimentally that other conditions being the same, the action 
of the foice changes if the point of application of the foicc changes. 

3 Show expelimentally that all other conditions being the same, the 
action of the force changes if the diiaction of the foicc changes. 

4. Show expel imentally that all othei conditions being the same, the 
action of the force changes if the magnitude of the force changes 

5. How is Newton’s fust law formulated? 

6. What IS the formula for coefficient of faction ? 

7. What is inertia ? 

8. Solving problems on the representation of forces with vectois 20, 21. 

II. Link between the previous lesson and the piesent one. 

III. Piesentation of the new mateiials. 

1 Deteiminmg the action of a force on a body is easy if theie is only one 
force acting on a body. 

2. Examples from technology of the simultaneous action on a body of 
seveial forces—motion of a motor car, a plane, a steamer etc 

3 Examples from physics for the simultaneous action on a body of several 
foices—the motion of a body along the surface of another body, bodies 
immeised iii a liquid, bodies at rest. 

4. Finding the action of the composition of forces. 

5 The concept of the resultant foices. 

6. Experimental substantiation of the law of composition of foice acting 
along the same straight line in one direction. 

7. Formulation of the law. 

IV. Retention. 

Solving problems on composition of forces. 

V. Home task. 



COMPOSITION OF FORCES 


71 


Lesson No. 3 

Topic : Composition of opposite forces acting along the same straight line, 

Aim : To explain to pupils the law of composition of forces and to help 
them to acquiie skills in solving problems. 

I. Questions to pupils; 

1. What is the definition of the law of composition of foices acting along 
the same straight line in one diiection. 

2. Show expelimeiitally the validity of the law of composition of force® 
acting along the same straight line in one direction. 

3. Solving problems on repiesenting foices as vectors. 

4. Solving problems on composition of forces. 

5. What is meant by uniform motion ? 

6. The laws of uniform motion of bodies. 

7. What is meant by translatoiy motion? 

II. Link between the previous lesson with the present one. 

in Presentation of the new material. 

1. Analysis of examples from technology illustrating the action of opposite 
foices along same straight line. 

2. Analysis of examples from physics illustrating the action on a body 
of two opposite forces directed along the same straight line (the force 
of traction and the force of sliding friction; the force due to the weight 
and the reaction of the support, the force due to the weight and the 
resultant thrust on account of the displaced liquid. 

3. Experimental verification of the law of composition of two opposite 
forces acting along the same straight line. 

4 Formulation of the law of composition of foices. 

IV. Retention 

Solving problems on composition of forces. 


V. Home task. 
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Lesson No. 4 

Topic : Solving pioblcms on composition of forces 

Aim : To help pupils to acquire skills in solving pioblcms on compos- 
tion of foices 

Questions to pupils: 

1. What is the foimulation of the law of composilion of two opposite 
forces acting on a body along the same sti aight line ? 

2. Show expciiraentally the validity of the law of composition of two 
opposite foiccs acting along the same stiaight line? 

3 What IS the formulation of the law of composition of two foices acting 
on a body along the same stiaight line in one diiection? 

4 Show expeumentally the validity of the law of composition of two 
foices acting on a body along the same straight line in one direction? 

5. Solving problems on composition of foiccs acting along the same stiaight 
line. 

6. What is the aveiage speed of non-unifoim motion and how can you 
calculate it? 

7. What is inertia of bodies 

8. What is the measuie of inertia of bodies ? 

n. Solving pioblems on composilion of thice and more forces acting along 
the same straight line 

in. Home task. 


Lesson No. 5 

Topic : The centre of gravity of bodies 

Aim : To explain to pupils the concept of the centie of gravity of a body 
and its practical applications. 

I. Questions to pupils; 

1. What characteristics of the foice do you know? 

2. How can you repiesent the foice giaphically? 

3. The law of composition of forces acting along the same straight line. 

4. What IS the resultant foice? 

5. Solving pioblems on composition of forces 
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II. Link between the previous lesson and the picscnt one. 

III. Piesentation of the new mateiials 

1. What is the weight of body? 

2. Magnitude and direction of the force due to weight. 

3 Every foicc has thice characteiistics. Consequently the foice due to 
the weight of a body must also have these chaiaeteiistics. 

4 The centre of gravity of a body—the point of application of its weight. 
5. The centre of giavity of homogeneous flat bodies 

6 Experimental determination of the centie of giavity of bodies of iiiegti- 
lar shape. 

7. Principle of determining the centie of gravity of a body. 

IV. Retention. 

Solving problems on deteimining the centie of giavity of a body. 

Lesson No. 6 Laboratory Work No. 2 

Topic : Experimental determination of the centre of gravity of flat bodies. 

Aim ; To help pupils to acquire skills in deteimining the centie of gravity 
of flat bodies. 

I. Teacher’s introductory talk on the laboratory work. 

The teacher should clarify the following points (duiation 5-8 minutes). 

1. Topic of the laboiatory woik. 

2. Aim of the work. 

3. Methods of determining the ccntie of gravity (this part is accompamed 
by demonstrating the devices with which pupils are to work). 

4. Organisation of pupils work m various suh-groups. 

5 Contents of pupils repoit on the laboratory work. 

II. Distribution of the sets of devices and mateiial 
m. Execution of the woik by pupils. 

IV. Collecting pupil’s repoits. 

V. Collecting the sets of devices. 

VI. Home task. 
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Lesson No, 7 

Topic : Eqiiilibj'jiim of bodies possessing the iixis of lolation. 

Aim : To explain to pupils conchlions undci which a body can be statioiiaiy 
in spite of the foices acting on it. 

I. Questions to pupils; 

1 What IS the foimulation of Newton’s fust law? 

2. What IS inertia of bodies? 

3 What is the centie of giavity of bodies'? 

4 Solving problems on finding the cenlie of giavity. 

n. Link between the picvious lesson and the piescnl one. 

III. Piesentation of the new material. 

1. Demonstration of stable equilibiium 

2 Definition of stable equilibrium 

3 Methods of detecting stable equilibrium of bodies possessing axis 
of rotation. 

4. Demonstration of unstable equilibrium. 

5. Determining unstable equilibiium 

6. Methods of detecting unstable equilibrium. 

7. Demonstration of iieutial equilibiium. 

8. Determination of neutral equilibiium. 

9. Methods of detecting neutral equilibiium. 

IV. Retention. 

Solving pioblems on equilibiium of bodies having an axis of lotation. 

V. Home woik 


Lesson No. 8 

Topic: Equilibrium of bodies lesting on a suppoit. 

Aim : To explain to pupils the concept of stability of bodies 

I. Questions to pupils: 

1. Thiee types of equilibrium of bodies possessing the axis of lolation. 

2. Solving problems on equilibiium of bodies. 

3. Solving problems on finding the centie of giavity. 

II. Link between the previous lesson and the present one. 
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III. Presentation of the new inateiial. 

]. Conditions of stable equilibrium of bodies resting on a suppoit De¬ 
monstration. 

2. Conditions of unstable equilibrium (demonstiation). 

3. Dependence of eqiulibiium of bodies on the position of the centie of 
gravity in respect to the surface of the earth. 

IV. Retention. 

Solving problems on stability of bodies resting on a suppoit. 

V. Home task. 


NOTES OF LESSONS 

Lesson No. 1 

The concept of force is one of the most important concepts in Physics. You 
got acquainted with the concept of force as early as in the course of physics of class 
VI The topic of today’s lesson is a more elaborate concept of force. Therefore, 
let us review what we have already studied. In class VI you got acquainted with the 
concept of the weight of a body 

I. What is the weight of a body ? 

The weight of a body is the force with which the body is attracted by the 
earth. Let us remember how we can measiue the weight of a body. The 
force of the weight can be measured with the help of a spring balance, 
Every body possesses a definite magnitude of weight. Let us remember 
the direction of the force due to the weight of the body. The weight 
of any body is directed veitically downwards. Let us try to under¬ 
stand in which way the weight of a body manifests itself. The weight 
of a body manifests itself in producing the piessuie on the support 
01 in the stietching of a thread from which the body is suspended (demons¬ 
tration) Thus we know the following data concerning the force due 
to the weight. 

1 The foice due to the weight of a body is caused by the attraction of the 
bodies by the earth. 

2. The magnitude of the weight can be calculated with the help of a 
spring balance. 

3. The force due to the weight of any body is directed vertically down¬ 
wards. 

4 The force due to the weight of bodies manifests itself in the pressure 
it exerts on the suppoit or in the stretching of a thread from which 
It is suspended. 
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II. In class VI you also got acquanUecl with a second type of I'oice which 

was called the foice of elasticity. Let us remember what foices aic called 
in physics elastic foiccs. The foicc aiising m bodies, when they aic 
being defoimed, are called clastic forces (demonstiation rdefoimation 
of a uilci under the action of a foice) What is defoiniation'^ Dcfoi- 
mation is a change in the foim of a body or its volume iindei the action 
of forces. How can the magnitiude of clastic foices be measmed ? 
It is easy to undeistaiid that the magnitude of an clastic foice is luinicii- 
cally equal to the deformation of a luler as we put a weight of 500 grains 
in the middle of the ruler, Undci the inlluence of this foice the rulei 
bends. What forces act on the uiler? The force of the weight of the 
load and the elastic foice of the uilei. What is the diicction of these 
foices? These foices act along the same straight line in opposite direc¬ 
tions. What can you say about the magnitude of these foices if the lulcr 
lemains at lelative icsl? These two foiccs aic balancing forces and 
Consequently the elastic foices developed in the bodies arc nuinencally 
equal to the dcfoimiiig forces, i a., m our experiment an elastic force 
IS developed which is numcncaliy equal to the weight of 400 grams 
What is the direction of the clastic foiccs? To give a coiicct answer 
to this question it is suflicient in this c.\pcrjmcnl to remove the weight 
from the ruler. As you say the ruler assuineil its oi igmal shape. Conse¬ 
quently the clastic foiccs are ducctcd so that the body can assume 
its original shape oi volume. 

Summing up what we know of clastic forces, we can say that; 

1. Elastic forces arise when bodies aic defoimed, /. c , when they change 
their shape or volume 

2. Deformation is caused by the intciaction of two bodies (in our example 
of the iuleiaction between the luler and the weight). 

3. The magnitude of the elastic foice is dctciinined by the inangitudc of 
the demforming force. 

F — F 

clas A deform 

4. The elastic force is always diicclcd so that the original shape or 

volume of the body could be icslorcd, 

III. Finally, this year we got acquainted willi one more type of force, the 
force of friction. Let us understand what wo know about this foice. 

hen docs the force of sliding faction ausc? Tins force arises when 
one ody moves on the surface of anotlier body. Consequently, this 
force is developed when two bodies interact. What is the diicction 
0 this foice? This foice always acts lu a direction, opposite to the 
toection of motion of a body and causes the slowing down of the motion, 
ow can we measure the magnitude of the force of sliding friction? 
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The force of sliding fiiction is numerically equal to the tractive force, 
when bodies are moving uniformly. 

The force of sliding friction arises when two bodies interact (2) the force 
of fiiclion IS numeiically equal to the tiactive foice when the body is 
moving uniformly. (3) The foice of friction is always directed against 
the speed of the moving body What is then the common feature of any 
foice irrespective of the nature of the foice ? If we compare the con¬ 
clusions just drawn, we can establish that there is the following common 
characteristic of any force 

1. Any force arises in the process of interaction of bodies (not fewer than 
two bodies). Hence the statement that a force acts on a body implies 
that there is interaction between two bodies. 

2. The action of a force manifests itself in producing defoimation of 
bodies or m a change in the speed of bodies or in both. 

3. Every force is characterised by the magnitude expressed in gwt oi 
kg wt. 

4. Every force is characterized by the direction of its action Let us 
take two characteristics of forces : magnitude and direction They 
seem sufficient foi determining the action of the force. But in 
the case of an easily deformable body, by changing the point of 
application of the force, the body can be either defoimed oi overturned 
You see here that the magnitude and direction of the forces aie the same 
but the action of the forces are different In the first case, the action 
of the force manifests itself in causing defoimation of the block (in 
changing its shape), whereas in the second case the body is overturned. 
What was the difference between these two foices? The difference 
between these forces is that they are applied to diffeient points of the 
same body. Hence, we can conclude that any force is characterized 
by the three piopeities—(1) magnitude, (2) direction and (3) point of 
application. Consequently, the action of force is determined if all the 
three characteristics of the force are given. It is easy to prove that a 
change in any of these chaiacteristics cause a change in the action of 
the force. By performing experiments, we can show that if the magni¬ 
tude of the force and the point of application lemained the same, the 
action of the force still changes because of the change m the direction 
of the force. Finally, it is iiossible to show that the action of the foice 
changes when its magnitude changes if the direction and the point of 
application of the force remains the same. Thus any force is determined 
if we have the magnitude, the point of application and the direction 
of the force. For many purposes in physics a force is represented 
graphically by a line with a direction. The length of a line on an 
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accepted scale represents the magnitude of the foicc. One end of this 
line has an airow which indicates the diicction of the action of the foice 
and the othei end of this line shows the point of application 

IV. Retention. 

Solving pioblenis on giaphical icprcsentalion of foiccs. 

V. Home work. 

LIST OF DEMONSTRATION OF THE TOPIC ^COMPOSITION OF 
FORCES, EQUILIBRIUM OF FORCES” 

1. Manifestation of the foice due to the weight, as pressuic excited on the 
SLippoit or as stretching the thread fiom which it is suspended, 

2 Deformation of an elastic uilei imdci the impact of a weight 

3. Motion of a block along the suifacc of a table caused by a tuiclivc forcc' 

4. Other conditions being equal, the action of the foice depends on tlie point 
of application of the foice. 

5. All other conditions being equal, the action of the forcc depends on its 
diiection, 

6. Other conditions being equal, the action of the foice depends on its 
magnitude, 

7 Composition of two foices acting along the same stiaight line in one 
direction (with the help of a spiing) 

8. Composition of two foices acting along the same straight line m one 
diiection (with the help of demonstration dynaraometeis), 

9 Composition of two opposite foices acting along the same siiaigM line. 

10. The centre of gravity of homogeneous bodies of regular shape is 
determined by the centre of symnietry of the bodies. 

11. Deteiminatioii of the centre of gravity of bodies of iucgiilar shape. 

12. Types of equilibrium of bodies which have the axis of lotation ; 

(a) Stable equilibrium 

(b) Unstable equilibrium 

(c) Neutral equilibrium. 

13. Equilibiium of a ball lesting on different surfaces. 

14. The principle of a toy based on stable equilibrium. 

15. Conditions of equilibrium of bodies testing on a support. 

If. Dependence of stability on the height of the body, 

17. Dependence of stabibty on the surface area of the support. 



CHAPTER in 


Work and Energy Machines 


I. The Ann of the Topic 

This topic is of piimary impoitar.ce both scientifically and technologically. 
Such concepts as work and eneigy are among the fundamental concepts of physics. 
These concepts are basic for understanding one of the most important laws of 
nature—the law of conservation and transformation of energy The polytechnical 
importance of this topic lies in the fact that such concepts as mechanical work, 
power and the efficiency of machines aie essential foi chaiacteiising the working of 
the simplest machines as well as complex machines. Finally this topic is impor¬ 
tant not only because the concepts woik, eneigy, power, etc. winch are introduced 
here, aie the most essential concepts in mechanics but because they are used in 
dealing with all the other topics of the couise of physics Hence it follows 
that the successful study of these basic concepts of physics will help the 
students to understand more profoundly the other topics of the couise of physics. 

II. Contents of the chapter 

This chapter covers, under the syllabus for class VII, the following points: 

1. Mechanical work. Units of woik : kilogiam wt, metre and joule. 

2. Power. Units of power: kilogram wt metic per second, the horse 
power 

3. Lever. Moment of force : conditions of equilibiium of lever. 

4. Pulleys. 

5. The law of the equal amount of work irrespective of the machine used 
(the lever, the inclined plane etc.) proved expeiimentally, 

6. Coefficient of efficiency of simple machines. 

7. Rotary motion. Rotations per unit time (on the examples of belt 
and gear transmission). 

8. Potential Energy of a raised body and a compressed spring. 
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9. Concept of Jdnetic eneigy of a moving body. The cneigy of iiveis 
and the wind. 

10. Tiansformation of energy. 


ni. Analysis of the most important concepts of the chapter 

1. Concept of woik : 

The correct scientific concept of work can be evolved only on the basis of the 
law of conservation and transfoimation of eneigy This law serves as a 
basis for the inception of the idea of work as a piocess of tiansfoimation of energy 
when it is transmitted fiom one body to anothei. Work is one of the forms of 
eneigy tiansmission fiom one body to another Geneially speaking, theie are 
only two forms of transmission of eneigy from one body to anothei, e g., woik to 
heat and vice veisa. Transmission of energy in the form of woik has an impoitant 
characteristics When energy is transmitted in the form of work theie always 
takes place transformation of the eneigy of one type into the eneigy of another 
type To piove the validity of this statement let us considci a nnmbei of concictc 
cases. 


(a) Lifting the body iinifoimly to some height: 

(b) Motion of a body on a horizontal surface: 

In this case the force acting on the given body transfers energy to the dis¬ 
placed body in the form of P E and the kinetic energy of the displaced body At 
the same time the K. E of the moving body is partially ti ansfoi med into heat energy 
due to friction. 

In this case the force lifting the body to some height performs work, i. e, 
it transfers eneigy from one body to another As soon as the foice is removed, the 
speed of the body moving upwards decreases. Here, in doing so, the K E. of the 
moving body is transformed into P. E. (neglecting the force of resistance due to 
air). 


(c) Elastic collision of two balls . 

In this case if the moving body collides with a stationary ball, the first ball 
performs work in respect to the second, i c., there takes place transmission of 
energy from one ball to the other. At the same time transmission of the different 
types of energy is also observed. Indeed defoimed in this process first, the kinetic 
energy of the body is transformed into potential energy of the deformed body and 
the potential energy is again transformed into kinetic energy. 
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{d) Inelastic collision; 

In this case woik is performed as well, i. e., the eneigy of one body is tians- 
ferred to the other and at the same time we observed transformation of the energy 
of one type into another Here, as in point (c) we observed tiansformation of the 
kinetic energy into the potential eneigy of the defoimed ball and partially leveise 
transformation into kinetic eneigy as well as internal eneigy detected by the increase 
in the temperature of the balls Hence, work is a form of energy, tiansferied fiom 
one body to another and is always accompanied by tiansformation of the type of 
this energy. From it follows that the amount of woik is a measuie of the amount 
of energy transferred from one body to another or tiansfoimed fiom one type into 
another. It is easy to prove that work is measured by the product of foice and the 
displacement of the body caused by this force in the same diiection. In other 
wolds if we denote the amount of work by W, the acting foice by F and the dis¬ 
placement by S, we can write W=F x S. In this case the diiection of the action 
of the foice F and the direction of the displacement S coincide. More generally 
the amount of woik can be calculated by the formula, W=F. S Cos Q. 

Where 8 is the angle between the direction of the acting force and the direc¬ 
tion of the displacement, To prove this formula let us analyse a particular example. 
Let us consider due to the motion of a carriage on a hoiizontal suiface with speed 
V provided there is no resistance friction. In this case, the work done by the 
force will be spent completely increasing the kinetic energy of the carriage. Con¬ 


sequently we can write down that W = 


mV,2 
2 


mV^a 

2 


(I) where m is the 


mass of the carriage, Vi the initial speed of the carriage and Fa the final speed of 
the carriage. Under the formulae of the kinematics of uniformly accelerated 
motion, we can write down Fa^ — Vi®=2a.S or dividing this equation by 2, we 


shall get 




=a. S, 


2 2 

Using this equation in formula I we get, 
mVa^ 


W: 


- — =m a.S 


But under Newton’s second law F=m. a. 


Substituting the value of ma from this formula we shall finally get 


W 


mVia 


W = F-S. 


mVj^a 


= F.S. 
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Which was to be pioved This forrnula of woik is valid foi forces of any origin 
and for motions of any tiajectoiy If we analyse the most geneial fojimda of work 

W=F S. Cos e 

It can be easily seen that mechanical woik is peifoinied only if a body is acted 
by the force F^O, and the force causes displacement of tins body, / c., There 

may be cases when a foice F is not equal to zeio, acts upon a body but mechanical 
work IS not peifoimed if the foice is diiectcd at light angles to the displacement of 
the body, i e, cos 90“ =0 and consequently S cos 90“=0 and woik W=0. This 
formula shows that work can be negative if the force is diiacted at an obtuse angle 
to the motion and it does not help but prevents motion. In this case, it is said 
that a force peifoims negative work. For instance, the foice of fiiction always 
slows down motion, i. e, it performs negative work. Since woik is nothing but a 
change of energy, work and energy (both kinetic and potential) aie measured in 
the same units. The unit of work can be easily obtained on the basis of the formula 
W=Fxs, In the CGS system the unit of work and energy is one eig One erg is 
the woik peifoimed by the foice of one dyne acting thiough a distance of 1 cm. 

1 erg=l dynexl cm. 

This unit of woik is very small In technology a larger unit of work is used 
which IS called kilogram wt metre. This is the work pcrfoimcd by the force of one 
kilogram weight acting through the distance of one metre. 

1 kg wt metre=1 kg wt X 1 metre 
1 kg wt m=98,100,000 ergs 

Another unit of work and eiieigy is joule. One joule is the work done by a 
force of one newton through a distance of one metre. 

lJ=lNx] m. 

1 kg wt m= 9.8 J 

It is easy to calculate and show that one kg wt metre is equal to 9.8 joules. 

2. The concept of Enei'gy 

The concept of eneigy is one of the most complex concepts in physics. This 
concept was eventually formulated in the middle of the 19th century, i. c , con¬ 
siderably later, than the concept of work. The analysis of this concept is possible 
only by proceeding from the facts of the transformation of one foim of motion 
of matter into other forms. In physics, motion is undeistood as a change in the 
state of a system leading to a coiresponding change in the definite group of para¬ 
meters deteimming the state of the system relating to eveiy specific form of motion. 
Thus the mechanical forms of motion are characterised by changing coordinates 
and speed, heat by changing temperature, volumes and pressures; electro-ma^netip 
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form of motion is characterised by changing electric and magnetic pioperties of 
the field etc One of the most impoitant achievements of the science of the 19th 
century was the discovery that all the physical foims of motion aie mutually trans- 
foimable. The fact that any kind of motion can be tiansfoimed into another is 
proved by the fact that different foims of motion can cause similai changes in the 
state of a system. Thus thetempeiatureof a metal lod can be increased by some 
degrees by means of different outside actions by performing work in lespect 
to it : (i) by mechanical action, («) by heating it m a flame, i. e., by heating 
treatment, {hi) by applying electiic cuiient etc This enables one to ccmpaie the 
different forms of motion ard to establish equivalent coi relations among them. 
Among various outside actions causing change in the state of a system there always 
can be mechanical actions. Consequently, measuring makes it possible to establish 
the amount of mechanical work equivalent to a given action. Thus it is in this 
sense that we should understand the equivalence of heat and work. Consequently, 
the possibility of a quantitative comparison between outside actions leads to the 
definition of the concept of energy Energy may be defined as a quantity representing 
the state of a system It is changed when the system is transformed from one 
state into another and is determined by outside actions represented in the amount 
of mechanical work equivalent to them. Let us clarify this statement on the 
example of piuely mechanical process. In mechanics we consider the following 
three forms of eneigy: 

mv® 

1 The kinetic energy of a body: The energy of a moving body, E „=—— 

2. Potential energy which may be m two forms: 

(fl) The energy of interaction of two bodies (the potential energy of 
a body at rest above the earth) 

(b) The energy of interaction of the particles of the same body (the 
potential energy of the pressed spring). 

3. The entile meehanical eneigy of a body consisting of the sum of the 

kinetic and potential energy of a body or the system of bodies. 

E = E, + E, 

(Total) 

Hence if we represent the mechanical energy of a system in one state by Ej and the 
mechanical eneigy in another state by E^, then foi entirely mechanical processes, 
we get the following equation 

E—E,=W, 

where W is the amount of the mechanical work performed by the outside forces, 
under the impact of which the system changed from one energy state into another. 
If we have an isolated system which does not experience any outside action then 
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and oonsequently, W^O. This means that the eneigy of an isolated system 
lemains constant whatever mechanical processes occur within it This statement 
represents the law of conseivation of energy applied to entiicly mechanical processes. 
Consequently the law of conservation of energy applied to mechanical phenomena 
may be formulated in the following way. The full mechanical encigy of isolated 
system of bodies is a constant quantity, 

E(Total)=Constant 

E^+Ej,=Constant. 



Fig, 28 Fig, 29 


From this equation it follows that when the potential energy of a system 
increases, the kinetic energy decreases and the total mechanical energy of the system 
remains constant. Let us analyse a number of concrete examples illustiatmg equa¬ 
tion I, Let us assume that a body having a weight P possesses the potential energy 
Ep If this body is laised to a height h, its potential eneigy will become E^. The 
difference in the amount of energy of the body m the former and the latter states 
will be equal to the amount of work done against the force of gravity performed 
by the outside forces, i. e, E^j^W (Figure No 28). If the mass of a body 
is m, the amount of work in this case will be W=P. h.=mg, h and vice-versa. Under 
the impact of the force of gravity the body is moved from one place (I) to anothei 
(II) (Fig. No, 29) its kinetic energy changes. This change in the kinetic energy equals 
the work W, but under the law of conservation of energy, the incicase of the 
kinetic energy takes place at the expense of the potential energy which decreases, 
.^ence, the work performed by the force of gravity is equal to the decrease of 
.(he potential energy, e.g, 

W—F —F 
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Let us analyse a case of the change 
of the potential and kinetic encigy of a 
body in free fall (Figuie No. 30) Let 
us assume that a body with the mass m 
is at the height h. While the body is at 
lest Its kinetic eneigy E7.=0, whereas its 
potenial energy is Ejn=mgh. 

The full mechanical energy of a 
body represented by the sum of both the 
types of energy-E (Total) =Eii+Ep^ 
=mgh. What will be the change in the 
kinetic and potential energy of the body 
m t seconds after the start of the free fall 
of this body. When the body is falling 
the height decreases Consequently, the 
potential energy also decreases. In t 
seconds the height will decrease by the 


, gt® 
quantity 


EPi=mgX—=- 


Hence, the decrease in 


the potential energy during the given 
time will be represented by the quantity: 

,.8l’ mV,r, Hence 


the potential eneigy after the period 
of time t will be equal to the difference 
between the initial amount of it and 
the decreases of the potential energy, 
dining this period of time: 

E^^=mgh— . 



Fig. 30 


On the other hand in t seconds the speed of the body has increased by v=gt. 
Consequently, its kinetic energy also increase. This increase will be represented by 

E.=^=^(II) 

Comparing the equations I & II, it is easy to see that the decrease in the potential 
eneigy of a freely falling body during a period of time is equal to the increase in the 
kinetic energy during the same period of time. Adding the amounts of the kinetic 
and potential energy in position II, we shall obtain E=Ej, 2 +Ej ,2 

E|| (Total) =mgh—i^i-Lq.J^^_L=mgh 
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We see that the total eneigy in position IT lemainccl the same. Finally at the moment 
when the body touches the earth in position III, the potential cneigy tiansfoims 
entnely into kinetic cneigy. 


Bps = OB,,3 


mv^ 


Since V^=2 gh, so Ef,=mgh B,,, (total) =Ep 3 -l-Ek 3 =mgh 

Thus the total mechanical eneigy of a body is equal to mgh dining the cntiie pciiod 

of the Tall from a height h, i e., it remains constant 


IV. Methods resorted to m the pieseiitalion of the individual points of the topic 

We have already mentioned one of the most impoitant concepts of this topic, 
the concept of mechanical woilc, The formation of the concept of woih takes 
place in two stages. First the concept of work is introduced befoie the concept of 
energy is studied and later after the law of conservation and transfoiniation of 
energy has been studied. The necessity to introduce the concept of woilc befoie 
the law of conseivation of energy is explained by the impoitance of this concept 
used in analysing simple machines. Fust the teachei should stop at tlie chffeience 
between the meaning of the term woik as used in everyday life and m mechanics. 
For instance in daily life we say that a composer composes music, a pupil solves 
a problem, an accountant makes a bill etc. There are examples of mental works, 
For instance, a man simply holds a weight in his hand without moving it on, he 
holds it on his back oi head Consequently, such motions as mental woik and 
muscular work done by a man and an animal when they aie motionless, diffei 
fiom the concept of mechanical woik studied in physics. In mechanics woik is 
peifoimed only if a force acts on a body and causes displacement of this body. 
Experiments and a coiiect explanation of them will largely help students to clarify 
this concept to them. The first set of expemnents should illustrate that if a force 
is acting on a body but it fails to cause any displacement, no mechanical work is 
peifoimed For instance, if we put a wooden block on a table and apply a force 
on Its surface vertically downwards (using a dynamometei), no mechanical work is 
performed. Another set of expeiiraents should illustrate that if a body is moving 
by inteitia, (no force acting on it), no mechanical work is performed in this case 
either For this purpose, the teacher may use an inclined plane with a flat piece 
of glass at its base When we loll a bail down the plane it expciicnces the impact 
of the force of gravity wheieas, when the ball moves on the horizontal part, viz 
on the glass, the moving force is not acting on it, i. e., the ball is moving by inertia, 
Consequently in this case we observe only a displacement of a body but there is 
no force acting upon it True, in this experiment one should remember that the 
ball IS expeiiencing the impact of the foice of fiiction This force peifoims negative 
work. Finally the teacher should perfoim a demonstration, showing the case, when 
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there is an acting foice and this foice causes displacement of the body For this 
puipose we can load a wooden block with weights and connect it with thiead to a 
demonstration dynamometer. With an cffoil of the hand applied to the dynamo¬ 
meter, we move it together with the block In this case mechanical woik is 
performed. The results of all these thice demonstiations can be written down in 
the following way repiesenting mechanical work by W, the acting force by F and 
the displacement of the body by S we obtain : 

If S=0 and F^^O then W=0 
or F=0 and then W=0 

or F^O and St^O then 

To substantiate logically the concept of woik in mechanics, it is necessaiy to 
analyse a number of examples from technology. Thus the motion of a drill, a chisel 
and other functioning parts of machines cannot occur by inertia because they 
expeiience the resistance of the parts which aie being worked at and vaiious forms 
of friction. Thus resistance decieases the speed of the moving parts. Foi a chisel, 
drill or other functioning parts of machine tools to be in motion foi a long time m 
defiance of the resistance, a foice must be applied to them (tnis force must at least 
be equal to the force of lesistance) These examples show that mechanical woik is 
performed when displacement of bodies takes place owing to the action of a force 
or forces. After analysing the technological examples, it is necessaiy to pass over 
to demonstrations aimed at illustrating the performances ol mechanical woik 
against the force of friction and the foice of gravity Using these examples as a 
basis and implementing the inductive method, the teacher should show that the 
magnitude of the work performed increases with the increase either in the magnitude 
of the force acting on a body, or on the magnitude of the displacement. In other 
words, it is necessaiy to substantiate the validity of the formula used for calculating 
the magnitude of mechanical woik. 

W=P. h—the formula used for calculating mechanical work performed against the 
foice of gravity when the body is raised uniformly to a height h 
And the formula for calculating the amount of mechanical work done against 
the forces of friction for a paiticulai case when the direction of the action of the 
force coincides with the direction of the displacement of the body under the impact 
of this force is, given as 
W=F. S, 

Naturally after having introduced the formulae for calculating the magnitude 
of mechanical work, it is necessary to introduce the unit of measuiement of this 
physical quantity which is new to the students. At this stage, however, we may 
introduce only one unit—the unit of kilogram weight metre. This unit is intioduced 
on the basis of the given foimulae- 
W=P. H. 

or W=F. S. 
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If in the light-hand portions of these equations we shall have one kilogram weight 
for the unit of force and metre foi the unit of distance, we shall get the unit of 
mechanical work kilogiam wl metre. Aftci that the tcachci should give the defini¬ 
tion of this unit of work m woids. Foi instance the woi k of one kg wt m is pci formed 
when a weight of one kilogiam is raised uniformly a height of one mctie oi we may 
say that the woik of one kg wt m is performed by the tiactivc foice of 
one kilogram wt., when a body is displaced through one mctie. In addition to this 
unit of woik one kilogram wt metie, it is necessaiy to introduce anothei impoitant 
unit of work—one Joule. However, in this couise of physics we only intioduce 
It without elaborating on the nature of this unit. We also give the coirelalion 
between these two units of work, e. g, 1 kg wt iti= 9.8 joules. To facilitate the 
leaining of these formulae by pupils, it is necessaiy m the couise of discussion of 
the whole topic and during the peiiods specially allocated foi this piiiposc to solve 
many qualitative and quantitative problems. Later, we suggest a number of 
problems on the entire topic. 

n. Power 

After the discussion of the concept of meclianical woik, it is necessaiy to 
proceed to the analysis of the concept of powei. This concept following the concept 
of mechanical work is understood easily by pupils piovided llic pupils have 
assimilated the concept of woik veiy well. We diaw pupil’s attention to the fact 
that in technology, m plants, factories, in agricultuic, etc, one often has to compare 
similar woik performed by raachmes and human beings. In determining the 
capability of particular machines or particular woikeis, it is necessary to under¬ 
stand that the knowledge of the magnitude of racchamcal work alone is not suffi¬ 
cient. Indeed if one wants to compare the capabilities of two machines or the 
woik of two workers, the amount of the work performed will not help to answer 
this question. Let us assume that one machine has performed work Wj equal 
to 100 kg wt m and the other performs work W^ equal to 200 kg wt m Can we say 
that the second machine is more capable? No, we can’t . Because we do not 
know the time which was spent on this work by the machines which we compared 
On the other hand the teacher should give pupils some othei examples. For example, 
let us assume that two machines perfoimed an equal amount of woik 250 kg wt in 
each. Can we say that both these machines had the same capability, The teacher 
should pose the following question' What else must we know in order to answer 
the question: “Which of these machines has a greater capability? Consequently 
the knowledge of the amoiuit of mechanical work alone as well as the knowledge 
of the time of work alone does not enable one to answer the question Thus we 
help the students to realize that to compare the capability of machines and the 
work of a man, one must know the amount of work which is performed by them 
as well as the period of time during which this work was peiformed. Consequently 
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the capability of different machines as well as the work of a man can be compaied 
by the amount of work perfoimed in unit time. After these reasonings, it is 
necessary to pass over to demonstiations. In these dcmonstiations the teacher 
should show the perfoimance of mechanical work together with mcasuiing the 
amount of the work and the tunc spent on it. After that the tcachci gives the founula 
for calculating the power 



t 


Following this the teachers should intioduce the unit of powei and give the following 
units 


Kg wt m kg wt m 
sec. sec 


1 H.P.= 


75 kg wt m 
sec. 


1 watt =--• This general foimula 

1 sec. 


W 

N = —^— foi calculating the magnitude of power does not depend upon the 

type of motion (both in uniform and non-uniform motion) of a body. It is also 
necessary to give the founula which is applicable for calculating work in uniform 
motion only. In fact it may be easily derived by the pupils themselves. From the 

W 

basic foimula it follows that power N=—-—. As W by FXS the mechanical work 


F S 

W=Fxs so by substituting the work in the formula of power we obtain N=_’ 

t 

We know from mathematics tliat to divide the product of two factors by a number 

F S 

IS sufficient to divide one of the factors. Hence we may write down as N=. 


but the ratio of 


IS equal to V, the speed of uniform motion. Substituting 


the speed of uniform motion, V for — we obtain 


N = F X V 

Whereas F is the tractive force and 
V IS the speed of uniform motion. 
Since in most cases we observe non-uniform motion, it is necessary to calcu¬ 
late the power developed by various machines having uniform motion. The power 
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developed in non-nniform motion is repiescntcd by llic average powci in 
a given peiiod of time. Foi instance, if under the impact of a force F acting for a 
period of time t, changes the speed from to then the average speed can be 
calculated by the following formula: 


Hence the average powei can be calculated by the following formula: 

Nav=FXVav 

Teachers should solve a great number of quantitative piobiems to assimilate 
these formulae properly. 

ni. Simple Machines 

This sub-topic is impoitant because m technology simple machines aie used 
very widely. From everyday life pupils know or, rather, see the various eases of 
implication of simple machines, for example, levels, windlass, Jixecl and movable 
pulleys and inclined planes. The significance of this topic lies in tlie fact that 
basically the more complex up-to-date equipment and machinery consists of the 
various combinations of these simple machines Jt should be explained to pupils 
that the study of this topic is very important because these machines arc intended 
for serving man and helping him in his exhausting manual labour. The history 
of the invention of these simple machine goes back to the ancient times. As early 
as the thud centuiy B C. these devices were used foi lifting and moving heavy 
things, set m motion various weapons. All these devices served for per¬ 
forming of bodies against considerable foices (foi instance when weights had 
to be lifted—against the force of gravity). To achieve this the foices developed 
by the devices must, at least at the start, exceed the forces resisting the motion. But 
if the motions caused by the devices are slow we can see that the role played by 
these devices is reduced to balancing the exceeding forces resisting the motion. 
All such devices are called simple machines, Thus when we discuss the action of 
simple machines we only have to find out the conditions under which a simple 
machine is in equilibrium One of the simplest type of such machines is the lever. 
The lever is a solid body having the axis of lotation oi tlie point of support aiound 
which the body may rotate under the impact of forces. First the teacher should 
show the students the demonstration of rectilinear lever and clarify to them the 
principles on which the lever works. He should also introduce the concepts of the 
pomt of application of forces, the line of action and the arms of forces Special 
attention should be paid to the cori'ect formulation of the concept of the arm as the 
shortest distance between the point of support to the line of action of force, since 
pupils often erroneously regard as the arm the distance between the point of 
support to the point of application of the force irrespective of the direction of the 
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Fig. 31. 

latter (figiue No. 31) Then the teacher should show that the use of a lever allows 
a gain in force. After that on the basis of a demonstration with the cus of a 
demonstration lever (using alternative foices and arms), the teacher pioves that 
lever is in equilibrium if the arms aie inversely propoitional to the foices. 



Applying the law of proportion, we obtain: 

Fi- 

Here the concept of the moment of forces is introduced and another formula¬ 
tion is given of the conditions of equilibiium of the level. The levoi is in equilibrium 
if the moments of the force lolating the lever m the clockwi.se direction equals the 
moment of foice rotating the lever in the anti-clockwise direction. Experience 
shows that teacheis sometimes do not pay adequate attention to this important 
property of the lever or they discuss it with their pupils only formally. It is 
necessary, therefore, to substantiate the conditions of the equilibrium of the lever 
by a number of demonstrations and explain in detail what foices rotate the lever 
in the clockwise direction and what forces rotate the lever in the anti-clockwise 
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diiection. The next stage in the picsentation of the matcnal is pioving that the 
application of a level does not biing about any gain in woik Tiiic, this can 
be easily shown by demonstiation No. 14. In this deinonstialion a icctilincar 
lever is suspended fiom a thiead, the other end of which is fastened to a nail fixed 
to the classboaid. A weight of 200 grams is attached to one of the arms of the 
levers which is 20 cm long wheieas a 'weight of 100 giams is attached to the 
longer arm of the lever which is 40 cm long, Aftei the levers have been set in 
equilibiium, a hoiizoiital line should be drawn with a chalk on the blackboard 
indicating the position of the lever and the points of application of the forces. Then 
changing the position of the lever (from horizontal line) by hand, the teacher draws 
another line indicating the new position of the lever. Then ad)usting a uiler to the 
classboard, it is easy to find the magnitude of the vertical displacement of the points 
of application of the forces One easily observes that these hues icprcsent the 
distance covered under the impact of the forces. A distance of 10 cm is covcicd 
iiiidei the impact of the force 200 giams whereas the distance of 20 cm is coveied 
imdei the impact of the force of 100 grams. This experiment shows that the work 
of both forces acting on the lever is equal to 
Wi=Fi X 111 = 200 gwt X 10 cm = 2000 gwt cm. 

Wj=Fji X hj = 100 gwt X 20 cm = 2000 gwt cm 

The syllabus includes special laboratory woik to make easy the assimilation 
by students of the condition of equilibrium of the levci. In this woik pupils 
do experiment independently with icctilinear levers and once more see the vali¬ 
dity of the conditions of equilibiiuni of the lever This sub-topic should bo concluded 
by discussing the various technological applications of the lever to facilitate pupils 
comprehension about the principles of the woiking of the lever. The teacher should 
acquaint them with different types of levels. It is not necessary to divide levels 
into classes, it is siifhcient if the teacher points out that in some levels the 
forces are applied to the opposite sides from the point of support, whereas in othei 
levers the forces are applied on one and the same side from the point of support. 
Pupils should become acquainted with the following tools and devices based on the 
principle of the level : the spanner, the scissors, the scissors for cutting metals, 
pliers, the pulley, the watei pump with handle etc. At the same lime in all the 
lessons acquainting pupils with the technological applications of the lever, it is 
necessaiy to solve calculation and qualitative problems without which this sub- 
topic cannot be properly assimilated. The knowledge of the lever should serve 
for the uiideistandiiig of the basic characteristic of mechanics according to which 
no gain in woik can be achieved by using any simple machine By using simple 
machines, we can gain in foice but at the same time we loose to the same extent in 
distance and consequently we fail to gain in work. These important characteristics 
of any simple machine should be discussed when we deal with pulleys, inclined 
planes and windlasses. After the examination of the lever, the teachers should 
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pass to the discussion of the fixed pulley, then to the movable pulley, the windlass 
and the inclined plane. The discussion of all these simple machines should be 
carried out on the same line as in the discussion of the lever as follows ; 

1 Demonstration of the machine and its construction. 

2. The purpose for which this machine serves in everyday life and techno¬ 
logy. 

3. Principal characteristics of the machine as shewn by dcmonstiation. 

4 Proving the impossibility to gain in work by using this machine. 

5. Technological application of the machine 

6. Solution of problems 

7 Laboratory work. 

It should be borne in mind that the discussion of all the types of simple 
machines and their properties takes place on the assumption that all these machines 
are ideal machines, i.e., the foices of friction are ignored. 

Energy 

Clarification of the concept of energy in the physics course for class VII 

We recommend to begin the presentation of this sub-topic with the revision 
of the conditions under which mechanical work is performed. Then the teachers 
should proceed to the discussion of cases when mechanical work is performed by 
objects in motion. These may be 

1. A shell can make a hole in an obstacle which it hits; the moving masses 
of air (the wind) rotate the vanes of wind mills ; a stone having some 
initial speed achieves some height performing work against the force 
of gravity, etc These and similar examples which can be cited by 
pupils themselves may serve as a basis for the conclusion that ; 

In all these cases some mechanical work ispeifoimed because there arc two 
factors present the action of foices and the displacement of bodies under the impact 
of these forces 

Eyery moving body is capable of performing mechanical work. After that 
the teacher should support this conclusion with simple demonstrations. One 
such demonstration may be the displacement of a wooden block by a ball rolling 
down along an inclined plane. This demonstration convinces pupils that a moving 
body which has some speed is capable of performing some mechanical work. In 
teims of physics, it is said that if a body is capable of peifoiming work it possesses 
energy Hence it follows that every moving body possess energy The energy 
which IS possessed by any moving body is called kinetic energy The woid kinetic 
comes from the Greek word ‘Kmema’ which means motion. On introducing the 
concept of kinetic energy the teacher can, on the basis of the same simple experi¬ 
ment, find out on what factors the kinetic energy of body depends. Considering the 
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amount of work perfoimed by the ball lolling down along the inclined plane, to 
displace the wooden block it is possible to show that the amount of the mechanical 
woik which the ball can perform depends on the speed of the ball Foi this pin pose 
two expeiiments aic peifoimcd in which the ball lolls down fiom clifTeicnt heights. 
This expeiiment helps pupils to draw the conclusion that the amount of the kinetic 
energy of a body depends on the speed of the body namely, the greater the speed 
the greatci the kinetic eneigy of the body because in this case the body pcifoims 
more mechanical woik The second seiies of expeiiments is aimed at 
finding out that at the same speed of motion, the amount of the kinetic cncigy of a 
body depends on the mass of the moving body. Foi tliis pin pose, by using the 
same set up, we show that if we roll down fiom the same height two balls having 
different masses, the balls pcrfoim different amounts of work namely, the more 
mass the body has, the gieatei is the amount of the kinetic eneigy of the body. 
Now, on the basis of the results of both the experiments we can draw the geneial 
conclusion that the amount of the kinetic eneigy of a body is propoitional to the 
speed of the motion of the body and to the amount of the mass of the body. Then 
the teachei may tell his pupils that the physics theory and piecise expeiiraent 
shows that the amount of the kinetic eneigy of a body can be calculated by the 
foimula, 

_ mv2 

Eje — wlieie m is the mass of the body and 
V is the speed of the body. 

Note ; The teacher should bear in mind that the syllabus does not contain this 
formula Tlicrefoie, only to the pupils having enough background, 
this formula should be given. 

From the definition of the concept of energy it follows that it is to be measured 
in the same units as mechanical woik, i. e., the kinetic eneigy of a body can be 
measured in kilogram wt metres or joules. To facilitate pupils’ assimilation of 
this important concept the teacher should give them quite a number of qualitative 
and experimental problems to be solved involving the kinetic energy of a body. 
It is essential to examine how the concept of kinetic energy is implemented in 
technology. For instance, the teacher is advised to tell the pupils how the kinetic 
energy of the water stream is used when it flows out at a high speed and a high pres¬ 
sure in the extraction of coal as well as in constructing tunnels, subways etc, After 
doing this, the teacher should pass over to the explanation of the concept of another 
type of mechanical energy—that of potential energy. The teachei should begin 
with a revision of the definition of energy (already familiar to pupils) as the capability 
of a body to perform mechanical work Hence, the natuial question arises : Is 
it that only moving bodies possess eneigy? The pupils should be shown that raising 
p, body to some height is associated with performing mechanical work, 
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In this demonstration, a weight raised to some height with the help of a fixed 
pulley, falls down on a wedge placed in a box with sand When the weight falls 
on the wedge the lattei goes into the sand perfoiming woik against the foices of 
resistance. Thus, on the basis of this demonstiation we can diaw the following 
conclusion 

When a body is raised to some height, it possesses energy because this body 
is capable of performing ceitain mechanical woik. This type of energy is called 
potential eneigy Consequently, eveiy body laised to some height possesses a 
ceitain amount of potential energy. The question may be put Lo pupils' On what 
does the amount of potential encigy of a body depend To anwei this question 
the teacher should perform the following two senes of experiments. 

1 To make cleai whether the amount of potential energy of a body depends 
on the height to which the body is laised. For this purpose the previous set up 
can be used to show that the greater the height to which the body was raised, the 
greater is the mechanical work performed by the body and consequently, the gieatei 
is the amount of the potential energy of the body. 

2 Then the following question is asked. Does the amount of the potential 
energy of the body depend on the mass of the body if the height remains the same'? 
To answer this question, we use the previous anangement of two bodies having 
different masses and falling from the same height The pupils may easily draw the 
conclusion that the bigger the mass of the body, greater is the amount of the potential 
eneigy, since the amount of the work done is greater (the wooden wedge penetrates 
more deeply into the sand). Summing up the results of both the experiments, we 
may say that the amount of the potential energy of a body raised to some height is 
proportional to the mass of the body and the height. Then the teacher may tell the 
pupils that the theory of physics as well as precise expeiimenls show that the 
amount of the potential energy of the body can be calculated by the formula . 

Ep=m gh=P.h 

Where P is the weight of the body and h is the 
height to which the body is raised. 

Like kinetic energy, potential energy is measuied m units of mechanical 
work—kg wt m and joules. Then, on the basis of the concept of potential energy, 
the teacher should discuss the application in technology of the potential energy of 
bodies, and solve with pupils quantitative and experimental problems. 

The teacher then proceeds to discuss yet another type of potential energy 
namely, the potential energy of the compressed spiing. For this purpose the 
demonstration should be shown in which the pressed spring fixed provisionally by 
a thread and then released, performs mechanical woik raising a body to some height, 
le.jWork against the forces of gravity. In addition to the potential eneigy of the 
compressed spring it is advisable to demonstrate the potential energy of a gas in ft 
cylinder compressed by a piston, and other examples, 
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Fig. 32 

On the basis of the concept of kinetic and potential energy tlie teacher intio- 
diices the concept if total mechanical energy, the aggregate of kinetic and potential 
energy. 

E full = E kinetic ^ E potential 

The concept of the total energy should be introduced on the basis of a simple 
demonstration of the oscillation of a thread pendulum (Fig No. 32). If we represent 
the potential energy of the pendulum in equilibiium (I) equal to zero. 

Epj=0 

In the extreme positions II and III the potential eneigy of the pendulum is maximum 
(since the centre of giavity of the ball is raised to the height has compared to the 
centre of gravity in position I), If we ignore the resistance of the aii and of the 
faction at the point of suspension of the pendulum, it will be possible to show that 
the law of conservation of energy is valid in mechanics. 

When the pendulum oscillates, it has the maximum speed V in passing the 
lower position I, consequently it has the maximum kinetic energy, 
mvs 

£4= - -j- - 
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In the extreme positions (II) and (III) pendulum does not possess any speed 
and consequently its kinetic energies in these extreme positions are equal to zero. 
Hence, ignoring the resistance and friction, the kinetic energy of the pendulum in 
position (I) IS equal to the potential energy of the pendulum in the extreme positions 
(II) and (III) 


So, 


EPir = Ep„j = mgh 
Ep/j = Epj„ = Eft, 

, MV" 
mgl..-— 


In any of the intermediate positions IV or V the oscillating pendulum 
possesses kinetic energy. In these positions the speed of the pendulum is different 
from zero and the pendulum also possesses potential energy because its centre of 
gravity is higher than the centre of gravity in position I. However, the total of 
the kinetic and the potential energy of the pendulum is equal to the potential energy 
in position II and III or to the kinetic energy in position I. 

Thus this analysis helps pupils to see the validity of the law of transformation 
and conservation of energy in mechanical processes. The problem is then that 
pupils should make clear that energy can neither be created nor it can be destroyed; 
it is only transformed from one type into another. 

In addition to the demonstration of the thread pendulum, it is desirable to 
show how energy is transformed from one type into another on the following 
examples: the oscillation of a vertical cord pendulum, oscillation of a horizontal 
spring pendulum and, finally, oscillation of Maxwell’s pendulum which usually 
impresses pupils very much. It should be borne in mind that after studying 
the chapter on heat for introducing the concept of internal energy of the body, the 
teacher will have an opportunity to elaborate on this fundamental law associated 
with the mechanical and thermal phenomena. On the clarification of this law the 
teacher may draw pupil’s attention to the fact that before the discovery of this law 
people tried for many years to devise many types of perpetual motion machines. 

However, none of these projects could be realized. Therefore, it is advisable 
to show pupils the sketches of some projects of perpetual motion machines and to 
analyse with pupils for what reasons such a machine cannot be created. A detailed 
analysis of this question may serve as an interesting topic in the out of class work 
with pupils. 


PROBLEMS ON THE TOPIC 


I. Mechanical Work 

1. Give examples of mechanical work in overcoming the force of gravity. 

2. Give an example of mechanical work done by a body when it overcomes 
the resistance due to friction. 
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3. Does the foice of gravity, acting on a weight kept on the tabic, peiform any 

work? 

4. How much work is done when a load of 40 kg wt is uiised to a height of 
120 centimetres? 

5. Calculate the amount of the work pciformed when a load of 2300 kg wt 
is raised with the help of a crane to a height of 4 metres. 

6. The cutter of the planing machine peiforms 300 kg wt meties of work 
when it covers a distance of 200 cm. 

7. What aie the essential conditions foi work to be performed ? 

8. Why is the amount of work performed by a man walking up a hill is more 
than the amount of work performed when he walks the same distance on a horizon¬ 
tal path ? 

9. What amount of work is performed when a trunk weighing 150 kg wt 
is raised to a height of 4 metres ? 

10. A box weighs 100 kg wt. To displace it uniformly on a horizontal 
surface, a force of 20 kg wt must be applied. What amount of work is to be per¬ 
formed to pull it through a distance of 10 metres or raise it to a height of 10 meties ? 

11. A horse is pulling a cart with an effort of 10 kg wtat a speed of 8 metres 
per second. What amount of work will be peiformed by the horse in one hour ? 

12. To raise a loaded box to a height of 5 metres the 180 kg wt m of work 
was performed. Find the weight of the box if it is known that the weight of the 
load is 30 kg wt ? 

13. An iron bar is raised with the help of a windlass to a height of three 
metres, so that the amount of work done is 11,700 kg wt m. Find the weight of the 
bar ? 

14. What amount of work is performed by an excavator when it raises 
14 cubic metres of sand to a height of 5 metres ? The density of the sand is 
1.4 g per cubic centimetres (the weight of the bucket is to be ignored). 

15. Water is raised by a pump to a height of 10 metres. The output capacity 
of the engine of the pump is 40 kg wt m per second. Find the quantity of 
water which the pump will raise in one hour. 

n. Power 

1. What is the power developed by a man in drawing up a bucket of water 
weighing 12 kg wt from a well 20 metres deep in 15 seconds ? 

2. What power is developed by a worker when he puts a load of 120 kg wt on 
to a lorry if the load is raised to a height of 1,5 metres and the time required was 
75 seconds ? 

3. The engine of a water pump is capable of performing 600 kg wt m of 
work within 4 seconds. What is the efficiency of the machine ? 

4. What is the power of a lift with the help of which a load of 300 kg wt is 
raised within 20 seconds to a height of 10 metres ? 
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5. The power of a motor car is 180 horse power. Represent this power 
in watts. Calculate how much horse power will be in (a) 900 kilowatts, 
(b) 66 kilowatts, (c) 16,5000 kilowatts. 

6. Calculate the power of a pump which raises 4.5 cubic metres of water 
within 5 minutes to a height of 5 metres. 

7. Calculate the power of a machine, which in 120 seconds raises a hammer 
of 200 kg wt to a height of 0.75 metres. 

8. A transporter raises in 1 hour 30 cubic metres of sand to a height of 
6 metres. Calculate the power of the engine to perform this work. 

9. What amount of work is performed in 5 minutes by an engine of 
2 horse power ? 

10. A motor which developed an efficiency of 30 horse power transported a 
load in 45 minutes. What is the amount of work done ? 

11. What time is required for pumping out 200 cubic metres of water from a 
mine 150 metres deep by an electric pump of 50 kilowatts power ? 

12. What amount of work will be performed in 1 hour by an engine of 
1 kilowatt ? 

13. Calculate the power of a motorcar which is moving uniformly at a speed 

of 54 kilometres per hour if the force of friction is equal to 180 kg wt. 

14. A horse is pulling a cart with a force of 60 kg wt. It takes 4 hours for 

the cart to cover a distance of 14.3 kilometres. Calculate the power of the horse. 

15. The engine of a lathe at a speed of 720 metres develops 6 H.P. 
Determine the force of resistance appearing at the instant cutting of the metal. 

16. Scientists found that a whale moving under water develops a speed of 

27 kilometres per hour. The power m this case will be 180 horse power. 

Calculate the force of the water resistance to the motion of the whale. 

17. Calculate the force of resistance when a cyclist moving at a speed of 
18 kilometres per hour develops a power of .1 horse power. 

18. Find the average power of the engine of a mine’s lift if the maviimim 
load is 12,000 kg wt. The average speed of the lifting is 20 metres per second. 

19. The power of the engine of a lift is 3.5 horse power. What load can it 
raise to a height of 15 metres m 2 minutes. 
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Fig. 33 

in. Levers 

1. Find the point of support and the arms of the levers (figure Na. 33). 
Determine the diiection of the forces which act on the levers. 

2. While discussing the lever a girl draws its sketch on the clnssboard (figure 
jVo. 34). Point out the nature and place of mistake in the sketch. 

3. Why is there usually counterweight attached to a crane? 

4. Break a match stick into small pieces. Why is it more difficult to break 
further the small pieces than the bigger ones? 

5. What is the easier way to cut card-board when you place it closer to the 
ends of the scissors or to the centre of it? Why ? 

6. Why do tinsmiths use scissors with longer handles and shorter blades ? 

7. Show the arms of the lever of the footbrake (figure No. 35). 



34 35 
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8. The length of the shorter arms of a lever is 5 cm. The longer arm is 
30 cm. The shorter arm is acted upon by force of 1.2 kg wt. What force must be 
applied to the longer arm to achieve the balancing effect? 

9. One force of 400 g wt and another of 2.4 kg wt are applied to the ends of 
a lever. The distance from the point of support to the point of application of the 
smaller force is 6 cm Find the length of the lever if the lever is in equilibrium. 

10. On which of the cairiages loads can be transported more easily—on a 
carriage with short handles or with longer handles. 

IV. Pulleys 

1. Some wells have fixed pulley. Explain why it is used if there is no gain in 

force. 

2. What load can be raised with the help of a movable pulley weighing 

2 kg wt by cafion applying to the loose end of the rope an effort of 21 kg wt, 
(friction being neglected)? 

3. An effort of lOkgwt is applied to laise a load with the help of a movable 
pulley. Find the force of friction if the weight of the pulley is 2 kg wt and the weight 
of the load is 16.5 kg wt. 

4. A weight was raised with the help of a movable pulley to a height of 

3 metres. What was the length of the loose portion of the rope which was pulled out? 

5. A load was raised with a movable pulley to a height of 14 metres. What 
amount of work was performed by the worker in raising the load if he applied a 
force of 15 kg wt to the loose end of the rope ? 

6. A movable pulley is used to raise a load, the effort applied to the loose 
end being 60 kg wt and the force of friction 2 kg wt. What is the weight of the 
load ? 



Fig. 36 


Fig, 37 
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7. A movable pulley is used to raise a load of 20 kg wt. The force of friction 
is equal to 1 kg wt. What elFoit should be applied to the loose end of the rope to 
raise the given load? 

8. Discussing this topic a girl draws a chart on the blackboard (figure No. 36). 
What mistake did she make in the chart? 

9. In figure No. 37, spring balance A shows a force of 2 kg wt. What will be 
the reading of the spiing balance? 

10. The weight of a fixed pulley is 120 g wt. The load attached to it 
weighs 600 g wt. What will be the reading of the spring balance if this load is 
raised uniformly? (friction is to be ignored) 

The Windlass 

1. The radius of the cylinder of the well windlass is 10 cm. The radius of 
the wheel is 40 cm. What force must be applied to the wheel to draw out a bucket 
of water weighing 16 kg wt (friction is to be ignored)? 

2. A bucket of 20 kg wt is drawn from a well. The diameter of the cylinder 

of the windlass is 20 cm. What force should be applied to rotate the handle of 

the windlass, the radius of which is 40 era. 

3. The diameter of the cylinder of the windlass is 30 cm. and the radius of 
the wheel is 60 cm. What force should be applied to raise a bucket with sand 
weighing 24 kg wt (friction is to be ignored) ? 

4. An anchor of 120 kgwt is raised with windlass. The diameter of the shaft 
of the windlass is 40 cm., the length of the handle is 2 metres and the force of friction 
is 30 kg wt What effort should be applied to the end of the handle? 

5. A windlass is used to raise a load of 40 kg wt, the effort applied being 

5 kg wt; calculate the radius of the handle of the windlass if the radius of the 

wheel is 32 cm. 

6. Find the diameter of the shaft of the windlass which is used to raise a 
bucket of water weighing 14 kg wt. An effort applied to the wheel is 2.8 kg wt 
and the radius of the wheel is 30 cm (fiiction to be ignored). 

7. A bucket with clay weighing 64 kg wt is raised by a combination 
of a movable pulley and a windlass. What effort should be applied to the wheel 
of the windlass, whose radius is^32 centimeties if the radius of the shaft of the 

■ii 

windlass is 4 centimetres friction, the weight of the pulley and the weight of the 
rope are to be ignored ? 


The Inclined Plane 

1. Which of the inclined planes (Figure No. 11) require a less effort parallel 
to the surface of the plane for moving the same load uniformly (friction is to be 
ignored)? 
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2. A horse is pulling uphill a cart weighing 360 kilogram weight. The length 
of the path is 60 meties. The height of the hill is 12 metres. Calculate the tractive 
force of the horse (friction to be ignored). 

3. An inclined board is used to roll up a drum on a cart. The length of the 
boaid is 2 metres; the height of the cait is 8 meties and the weight of the drum is 
120 kg wt. The force of friction of the drum on the board is 7 kg wt. Find the 
force required for the displacement of the drum. 

4. Moving uphill along a path 300 metres long and 30 meties high, a motor¬ 
car weighing 1500 kg wt moves unifoimly the force of friction of the wheels on the 
road being 50 kilogram weight. Find the tractive force of the motoi-cai. 

5. What should be the length of a board to allow a drum of 90 kg wt to be 
rolled up on to a cart? The height of the cart is 1.2 metres and the applied force 
is 30 kg wt (friction to be ignoied). 

6. The work of 57.6 kg wt was done to move a load of 75 kg wt on an in¬ 
clined plane. Find the height to wliich the load was raised (friction to be ignored), 

7. A force of 40 kg wt was applied to raise a load of 60 kg wt on an inclined 
plane 3 metres long. Find the height of the inclined plane if the force of friction 
of the load on the inclined plane is 10 kg wt. 

8. A load of 225 kg wt is pulled up along an inclined bridge 4 metres long and 
■8 metres high. The force of friction is 22.5 kg wt. Find the efficiency of the 
inclined plane. 

9. The reading of the dynamometer was 4 kg wt when a load was moved 
uniformly along an inclined plane. Find the force of friction if the length of the 
inclined plane is 1.8 metres, the height 30 cm and the load of 12 kg wt. Find the 
efficiency of the inclined plane, 

10. A stone slab of 60 kg wt is pulled up to a height of one metre along 
an inclined board 4 metres long. Find the force of friction and the efficiency of 
the inclined plane if the applied force is 32 kg wt. 

Energy 

1. A piece of chalk and a piece of load of the same volume are placed at the 
same height. Which of these bodies has more potential energy? 

2. What types of mechanical energy has a block of ice sliding down an ice 

hill? 

3. What condition is required for two bodies of different masses to have 
the same potential energy if the bodies are raised to different heights ? 

4. Where is the potential energy of every cubic metre of water greater 
(i) at the source of the river or (ii) at its mouth? 

^ j 5. Explain why it is easier to chop wood on a solid ground than on a soft 
ground ? 

6. Why does a saw become hot if it is used for a long time? 
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7. Into what forms of energy does the energy of a moving motor-car trans¬ 
form at the moment when the brakes are applied ? 

8. Which of the two motor-cars having the same mass possesses more 
kinetic energy if one of them is moving at a speed of 40 kilometies per hour and 
the other at a speed of 60 kilometres per hour ? 

9. What causes the intensive heating and burning of the artificial satellites 
of the earth when they enter the lower layers of the atmosphere 1 

10. Explain why the railway cars are provided with buffers ? 

TOPICAL PLAN 

No of Date of Topic of the lesson Method Demons- Home 
lesson lesson of work tuition work 

1. Concept of mechanical 

work. 

2. Work against the force of 

gravity. 

3. Work against the force of 

friction. 

4. Solving problems on cal¬ 

culation of mechanical 
work, 

5. Concept of power. 

6. Solving problems on cal¬ 

culation of power. 

7. Construction and applica¬ 

tion of the lever. 

8. Basic characteristics of 

mechanics. 

9. Solving problems on levers. 

10. Fixed pulley—its construc¬ 

tion and application. 

11. Movable pulley, its cons¬ 

truction and application. 

12. Laboiatory work—condi¬ 

tions of equilibrium of 
forces in respect of the 
lever and pulley. 

13. Efficiency of simple ma¬ 

chines. 

14. Windlass—its construc¬ 

tion and application. 
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No. of Date of Topic of the lesson Method Demons- Home 
lesson lesson of woik tiation woik 

15. Inclined plane—its chai ac- 

teristics and application. 

16. Laboratory work—deter¬ 

mination of the effi¬ 
ciency of the inclined 
plane. 

17. Rotatory motion (on the 

examples of belt and 
gear transmissions). 

18. Concept of the kinetic 

energy of the body. 

19. Concept of the potential 

energy of the body. 

20. The law of conservation 

and transformation 
of energy (for mechani¬ 
cal processes). 

21. Testing the students for 

knowledge of this topic. 


The Detailed Plan of Lessons 

Lesson No. 1 


Topic : Mechanioal Work. 

Aim : To clarify the conditions under which mechanical work is performed. 

I. Introduction : 

(a) The difference between the work as used in everyday life (mental work, 
physiological work) and the concept of work in physics. 

(b) Examples illustrating performance of mechanical work. 

(c) The significance of the topic. 

H. The plan of presentation of the new material : 

(a) Definition of mechanical work. 

(b) Conditions under which mechanical work is performed: 

(0 If a force acts on the body when it is not displaced, no mecha> 
niQal work is performed (Demonstration). 
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(h) If a body is displaced but no foice acts on it, no mechanical work 
is performed (Demonstration). 

(in) Mechanical work is pci formed only if a foice acts on a body and 
the body is displaced undci the impact of this foicc (Demons¬ 
tration). 

in. Retention: 

(a) Analysis of cases when mechanical work is perfoimed or it is not 
performed. 

(b) Review of the conditions under which mechanical work is pel formed. 

IV. Home task. 


Lesson No. 2 

Topic : Work against the force of gravity. 

Aim : To clarify methods of measuring mochanical work. 

I. Questions to pupils: 

(а) Give examples when a body is acted upon by a foice but no displace¬ 
ment is caused. 

(б) Give examples when a body is displaced but there is no acting force 
which causes this displacement. 

(c) Give examples when mechanical work is performed. 

II. The plan of presentation of the new material : 

(a) Inductive drawing of the formula foi calculation of mechanical work 
against the force of gravity (Demonstration). 

(h) The units of mechanical work—kg wt m and joule and theii correlation. 

HI. Retention of the new materials: 

Solving quantitative and qualitative problems on mechanical work. 

IV. Home task. 


Lesson No. 3 

Topic : Mechanical work done against the force of friction. 

Aim : To clarify the method of calculatipn of the work against the force pf friction, 
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I. Questions to pupils: 

(a) What formula is used to calculate the amount of work done against 

the force of gravity? 

(b) What units are used to measuie work? 

(c) Which two conditions are indispensable foi perfoiming mechanical 

work? 

(d) Solving problems, 

n. Link between the previous lesson and the piesent one. 
in. Plan of presentation of the new material • 

(a) Cases when work is done against the foice of fiiction. 

(b) Demonstration of mechanical work performed against the foice of 
friction. 

(c) Calculation of work done against the force of friction, 

IV. Retention : 

Solving qualitative and quantitative problems. 

V. Home task. 


Lesson No. 4 


Topic ; Mechanical work. 

Aim : To teach pupils skills in solving problems involving calculation of the 
amount of mechanical work. 

I. Retention : 

(a) The formula used for calculating work done against the force of 

gravity. 

(b) The formula used for calculating work done against the force of 

friction. 

(c) The unit of mechanical work. 

(d) Conditions under which mechanical work is performed. 

(e) The formula used for calculating the speed of uniform motion. 

(f) The formula used for calculating the average speed of non-uniform 

motion. 

(g) Solving problems involving calculation of mechanical work done 

against the weight and the force of friction. 

II. Horae task. 


Lesson No. 5 

Topic : The concept of power. 

Aim : To clarify the concept of the power of a machine and the method to 
calculate it, 
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I. Questions to pupils on : 

{a) The formula of the distance covered in imifonn motion 

(b) The formula of the distance coveicd in non-uniform motion. 

(c) The formula of the work done against the wciglil 
{d) The formula of the woik done against fiiction. 

II. Link between the previous lesson and the piescnt one. 

HI. Plan of presentation of the new mateiial : 

(fl) It is not possible to compare the capability of machines only by the 
amount of the work performed by these two machines. 

(h) Introduction of the concept of power as the amount of work 
performed by the machine in one second. 

(c) The method of calculating the power of a machine (Demonsti ation). 

(d) The unit of power ; kg wt m/scc.; Watt, Horse-power. 

rv. Retention : 

Solving problems of calculating power. 

V, Home task. 


Lesson No. 6 

Topic : Calculation of power of machines. 

Aim : To teach pupils skills in calculating the power of machines. 

I. Questions to pupils on : 

{a) The formula to calculate the powci of machines. 

(i) The units of power. 

(c) The formula to calculate the mechanical woik done against the force 

of gravity. 

(d) The formula to calculate the mechanical work done against the force 

of friction. 

(e) Solving problems. 

n. Plan of presentation of the new material: 

(fl) Deriving the formula of the power of machines developed in 
uniform motion : 

N=F. V. 

(i>) Deriving the formula of the average power of machines developed 
in non-uniform motion. 

(c) Solving problems. 

HI. Home task. 
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Lesson No. 7 

Topic : Construclioii and application of the lever. 

Aim : To acquaint pupils with the characteristics of the lever. 

I. Questions to pupils: 

(a) What is the characteristic of a foice? 

(b) Which two foices aie called equal forces? 

(c) What formula is used to measure mechanical work? 

{d) Conditions essential for peifoimance of mechanical work 

II. Presentation of the new material: 

(fl) Construction of the lever. 

{b) Demonstration of the lever. 

(c) Concept of the lever aim. 

(d) Concept of the moment of force. 

(e) Conditions of equilibrium of the lever. 

ni. Retention ; 

(а) What is the lever ? 

(б) What IS the arm of the lever? 

(c) What is the moment of force? 

{d) Conditions of equilibrium of the lever. 

(e) Solving problems. 


Lesson No. 8 

Topic : The basic characteristic of a machine as exemplified by the performance of 
the lever. 

Aim : To clarify to pupils that application of the lever does not give any gain in 
work. 

I. Questions to pupils: 

{a) What is the moment of force ? 

(b) What IS the property of the lever? 

(c) Solving quahtative and quantitative problems on the lever. 

II. Presentation of the new material ; 

(a) Comparison of the amount of mechanical work performed by each of 
the forces acting on the lever (Demonstration). 

{b) Finding out the basic characteristics of a machine, 
ni. Retention: 

Solving problems on the lever. 

IV. Home task. 
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Lesson No. 9 

Topic : Application of the level in technology. 

Aim ; To clarify to pupils the physical foundation of the perfoimancc of the devices 
and mstrumiiits using the principle of the lever. 

I. Questions to pupils: 

(a) What is the lever? 

(b) What is the arm of foice? 

(c) What is the moment of force 

(d) What are the conditions of equilibiium of the lever? 

(e) What is the basic chaiacteiistic of a machine? 

(f) Solving problems on the lever. 

H. Presentation of the new material: 

(fl) The principle of peiformance of the spanner. 

(h) The principle of the performance of the scissors. 

(c) The principle of peiformance of the pliers. 

(d) The principle of performance of the pulley for ciurying loads. 

(e) The principle of peiformance of the lifting gate at railway-crossing. 

(f) Application of a shelf for carrying loads. 

in. Home task. 


Lesson No. 10 

Topic : The fixed pulley. 

Aim : To clarify to pupils the construction, the piopcrties and the application of the 
fixed pulley. 

I, Questions to pupils: 

(a) What are the conditions of equilibiium of the lever? 

(b) How does the lifting gate of the railway-crossing work ? 

(c) What formula is used to calculate mechanical work ? 

{d) What is the difference in the construction of the office scissois and the 
scissors used for cutting iron ? 

(e) Solving problems on the lever. 

n. Presentation of the new material : 

(a) Demonstration of a fixed pulley. 

(b) Construction of a fixed pulley. 

(c) Characteristics of the fixed pulley. 

(d) Demonstration of the equality in the amount of the work performed 
when a fixed pulley is used. 

(e) Application of the fixed pulley in technology. 
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m. Retention : 

Solving problems on the fixed pulley. 
IV. Homo task. 


Lesson No. 11 


Topic ; The movable pulley. 

Aim : To clarify to pupils the construction, the properties and the application of the 
movable pulley. 

I. Questions to puprls on : 

(а) Constructron of a fixed pulley. 

(б) Properties of a fixed pulley. 

(c) What are the technological applications of the fixed pulley? 

(d) Solving problems of a fixed pulley. 

II. Link between the previous lesson and the present one. 

in. Presentation of the new material : 

(a) Demonstration of a movable pulley. 

(b) Construction of a movable pulley. 

(c) Properties of a movable pulley (Demonstration). 

(d) Equality in the amount of the work performed when a movable pulley 
is used (Demonstration). 

IV. Retention : 

Solving problems on the movable pulley. 

V. Home task. 


Lesson No, 12 

Topic : Laboratory work “conditions of equilibrium of forces on the basis of the 
lever and the pulley”. 

Aim : To teach students the skills of using rectilinear levers and pulleys, for verify* 
ing the properties of these machines. 

I. The teacher’s introductory talk on the laboratory work. 

(a) The topic of the laboratory work. 

(b) The pmpose of the laboratory work. 

(c) The requisite equipment. 

(d) The method to check up the conditions of equilibrium of forces on 
the lever and the pulley. 

(e) The experimental data table. 

(/) Criteria of the report on the laboratory work. 
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ll. Distribution of the sets of the devices among pupil’s desks. 
HI. Execution of the laboiatoiy work by pupils. 

IV. Collection of the repoits on the work. 

V. The collection of the devices. 

VI. Home task. 


Lesson No. 13 

Topic : ElBciency of simple machines. 

Aim : To claiify to pupils the concepts of the efficiency of simple machines. 

I. Questions to pupils on : 

(a) Formula for calculation of mechanical woik done against the foice of 
gravity. 

(b) Formula for calculation of work done against the forces of friction. 

(c) Formula for calculation of power. 

(d) The units of work and power. 

(e) Solving pioblems on mechanical work. 

11. Presentation of the new material : 

(a) Unproductive piocesses during the woiking of the level and the pulleys. 

(b) Useful work performed when a lever and pulleys arc used. 

(c) Total work done on the lever and the pulley. 

(ci) Concept of the efficiency of simple machines. 

(e) Founula for calculation of the efficiency of simple machines. 

IH. Retention : 

Solving problems on the efficiency of simple machines. 

IV. Home task. 


Lesson No. 14 

Topic : The windlass. 

Aim ; To clarify to pupils the constiuction, the pioperties and the application 
of the windlass. 

I. (a) What is the efficiency of a simple machine ? Why is the efficiency 
of any simple machine always less than 100% ? 

(b) Solving problems on the efficiency of simple machines. 

II. Presentation of the new material: 

(a) Demonstration of a windlass. 

(b) Construction of a windlass. 
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(c) Properties of a windlass (Demonstration). 
{d) Application of the windlass in technology, 
in. Retention : 


Solving problems on the windlass. 


IV. Home task. 


Lesson No. 15 


Topic ; The inclined plane. 

Aim : To clarify to pupils the construction, the properties and the application 
of the inclined plane 

I. Questions to pupils on : 

{a) The properties of the windlass. 

{b) The efficiency of simple machines. 

(c) Formula for calculation of mechanical work 
{d) Solving pioblems on the windlass, 
n. Presentation of the new material: 

(а) Demonstration of an inclined plane. 

(б) Construction of an inclined plane. 

(c) Properties of an inclined plane. 

{d) Amounts of work performed when an inclined plane is used (friction 
to be neglected). 

(e) Method of measuring the efficiency of an inclined plane. 

(f) Application of an inclined plane in technology. 

HI. Retention ; 

Solving problems on the unmclined plane. 

IV Home task. 


Lesson No. 16 

Topic : Laboratory work “determination of the efficiency of an inclined plane”. 

Aim : To teach pupils experimental skills required for determining the efficiency 
of an inclined plane. 

I. Teacher’s introductory talk : 

(a) Topic of the laboratory woik 

(b) Purpose of the work. 

(c) The requisite equipment. 

(d) How to carry out the measurements and calculations, 
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(e) The expciimenLal data tabic. 

(/) Ciiteiia of the leport. 

II. Distiibution of the sets of the devices among pupil's desks 

III. Pcifoimance of the woik by pupils. 

IV. Collection of the laboratory reports on the woik done by pupils. 

V. Collection of the devices, 

VI. Homo task 


Lesson No. 17 

Topic : Rotatory motion exemplified by belt and geat tiansmissions. 

Aim : To claiify to the pupils the concept of angulai and linear speeds 

I. Presentation of the new material ; 

(fl) Simple concept of the rotatory motion of a body. 

(h) Demonstration of lotatoiy motion. 

(c) Concept of angular speed. 

(d) Concept of linear speed. 

(e) Belt tiansinission, its characteristics and application (Demonstiation) 
(/) Gear transmission, its chaiaclcustics and application (Demonstra¬ 
tion). 

(g) Friction transmission (Demonstiation), 

II. Home task. 


Lesson No. 18 

Topic : Concept of the kinetic energy of a body. 

Aim : To clarify to pupils the simple concept of the kinetic enei gy of a body. 

I. Questions to pupils : 

(a) What is the linear speed of rotatoiy motion. 

(b) What IS the angular speed of rotatoiy motion. 

(c) The construction and application of belt transmission, 

(d) Construction and application of geai Liansmission. 

(e) Solving problems on transfer of motion. 

II. Presentation of the new material : 

(a) Definition of energy. 

(b) Concept of the kinetic energy of a body (Demonstration). 

(c) Dependence of the kinetic energy of a body on the speed of its motion 

(Demonstration). 
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{d) Dependence of the kinetic energy of a body on the mass of this body 
(Demonstration). 

in. Retention : 

Solving problems on the kinetic energy of a body. 

IV Home task. 


Lesson No. 19 

Topic : Simple concept of potential energy. 

Aim : To clarify to pupils the concept of potential energy. 

1 Qaestions to pupils . 

(a) What is energy ? 

(i) What is kinetic energy ? 

(c) On what does the amount of the kinetic eneigy depend ? 

(d) Solving problems. 

II. Presentation of the new material : 

(a) Concept of potential energy. Interaction of two bodies (energy of a 
body raised to a height) (Demonstration). 

(h) Dependence of the potential energy of a body on the height and the 
mass of the body (Demonstration). 

(c) Concept of the potential energy of the compressed spring (Demons¬ 
tration). 

in Retention : 

Solving problems on the potential energy of a body. 

IV. Home task 


Lesson No. 20 

Topic : The law of conservation and transformation of energy (for mechanical 
processes) 

Aim : To clarify the law of conservation and transformation of energy. 

1. Questions to pupils : 

{a) What is kinetic energy ? 

{b) What are the two types of potential energy which you know ? 

(c) On what does the potential energy of a lifted body depend? 

{d) Solving problems on potential and kinetic energy. 
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H. Pi-eseiitaUon of the new matcruil • 

(a) Concept of total mechanical energy of a body (Demonsli ation). 

(b) Discussion of the pioccss of oscillalion of a pendulum so fai as its 
cnei gy is concerned (Demonstiation) 

(c) Total mechanical cneigy of a body is a constant quantity (for puicly 

mechanical pioccsses). 

(d) Discussion of the oscillations of Maxwell’s pendulum, 

(e) The change in the total mechanical enei gy of a body is equal to the work 

peiformed by this body. 

lit. Home task. 


Lesson No. 21 


Topic : Test on the topic. 

Purpose : To check up the skill and knowledge of pupils on the given topic. It 
IS necessary to piepave foiu vauants of this test equally difficult and 
including physical problems. Each vaiiant should have three pioblems 

I. One problem on work or power 
II. One pioblem on one type of simple machines. 

HI. One problem on energy 

Teacher’s Notes on Lessons 

Lesson No. 1 

The first lesson m a new big chaplei should begin with the presentation 
of the teaching material. The checking of the previous knowledge should not be 
done and the teacher should give an intioductoiy talk on the new chapter. 

InUoductoty talk 

Today we begin studying a big and important chaptei and we shall continue 
it foi seven weeks. 

This chapter is called Work and Energy—Simple Machines. In dealing 
with this chaptei we should get acquainted with such impoitant concepts of physics 
as mechanical work, power, energy and efficiency of machines. You will learn 
the construction and the piinciple of working of such simple machines as the lever, 
the pulley, the windlass and the inclined plane. Wo observe how these machines 
perform work eveiyday and theiefoie it will be interesting to know how these 
machines work, in what way they help man to perform work which requires hard 
labour. Also wo shall get acquainted with one of the most fundamental laws of 
nature, namely, the law of conservation and transformation of energy. Finally 
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it would be borne in mind that we shall deal with a great number of problems. 
Therefore, every pupil should, from the very first lesson, give his most seiious atten¬ 
tion to the topic and be able, as a result of the study of this topic, to acquire skills 
in solving such problems. 

Presentation of the new material 

We often hear the woid ‘work’ in our daily life By the study of this topic 
one should well understand that there is a difference between this woid as used m 
eveiyday life and the concept of mechanical woi k used in physics Thus we may 
often hear the following statement: 

The book-keeper is working at his annual balance-sheet oi the engineci is 
working at another varient of a machine or the pupil is working out his home task 
etc. 

In all these cases we deal with different types of mental woik. We also 
often hear the word ‘work’ when man peiforms muscular woik. For instance, a 
man is holding in his hand or carrying on his back, some load without making a 
motion. They say that the man got tiled of bis work In this case if the man is 
motionless they say that he performs the so-called physiological woik making him 
tired. 

The concept of work as used in physics is totally different fiom that used 
in everyday life, i.e., it differs from the concept of mental oi physiological woik. 
That is then understood by mechanical work or simple woik, fiom the point of 
view of physics. Physicists say that mechanical work is pcrfoimed provided a 
force is acting on a body and the latter is being displaced owing to the action of this 
force. Let us consider a few technological examples: 

1. A moving motor-car performs mechanical work because in this case we 
have the action of the tractive force of the engine and the motor-car is displaced 
owing to this action Consequently in this case we can say that the motoi-car 
performs mechanical work. 

2. A bullock moves a cait. In this case we have the tractive force exerted 
by the bullock and the displacement of the cait owing to the action of the muscular 
effort of the bullock. 

3. A man is diawing a bucket of water from a well. In this case the man 
performs mechanical work because he exeits his musculai effort which displaces 
the bucket. Now more examples of mechanical woik pci formed can be given. 
In the above-mentioned examples we can observe that two conditions are indis¬ 
pensable foi mechanical work to be performed, (i) an acting force oi acting forces; 
(ii) displacement of the body under the impact of the foice or the forces. 

Now let us have a few demonstrations which will illustrate peiformance of 
mechanical work. Place on the table a block with a hook and load it with weights. 
By means of a thread connect the hook of the block with the demonstration spring 
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balance. Let ns displace by hand the spring balance together with the block. Is 
any work peiformed in this case oi not? Mechanical work is peifonned in this 
demonstration. The question arises why it is performed in this demonstration. 
Work is perfoiraed in this demonstration because both tlie required conditions 
have been fulfilled: 

(i) We have an acting foice. (ii) This force displaces the body Let us 
have another demonstration on the demonstration table. Let us place a stand and 
attach a fixed pulley to it. Then let us pass a thiead over the pulley. Let us attach 
a load to one of its ends and connect the other end with the demonstration spring 
balance. Now if we apply an effort (by hand) to the spiing balance we shall 
raise the load to some height. Is any mechanical work performed in this case? 
In this case mechanical work is performed because a force acts on the load and 
displaces rt, Let us see if mechanical work is performed in the following demons¬ 
trations: place a wooden block on the demonstration table Apply to this block 
a force vertical to the surface of the block by means of the demonstiation spring 
balance and an effort of the hand. Is any mechanical woik performed in this 
case? No mechanical work is performed. The question arises why no mechanical 
work is performed in this demonstration. Mechanical woik is not performed 
because in this case only one lequiied condition, he., a force which is not equal to 
zero, is fulfilled. But, this force does not cause any displacement. Consequently 
displacement in this demonstration is equal to zero. If we represent work by W, 
the acting force by F and the displacement of the body by S, the result of the 
experiment may be represented as follows: 

If F^O, and S=0 then W=0. 

Let us have another demonstration. 

Place an inclined plane which has a flat glass sheet at the base of it on the 
demonstration table. Observe the motion of a ball rolling down this plane. Is any 
mechanical work peifoimed when the ball rolls along the hoiizontal part of the 
path? No mechanical work is performed. The question arises why in this 
demonstration no mechanical work is performed. No woik is performed because 
in this case the two conditions indispensable for work to be performed aienotmet. 
In tlus demonstration we have displacement of the body but we do not have any 
acting force which would cause such displacement. In this case the ball rolls be¬ 
cause of inertia Consequently the result of the experiment may be represented as 
follows: 

If F=0 and 89^0, then W=0. 

Thus from these examples and deinonstiations we can draw the following 
conclusions : 

Mechanical work is performed in all those cases where the following two 
conditions are present: 

I, The acting force Ft^O, 
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2. Displacement of the body under the action of this force S:^0. 
or in short; 

If F=^0 and S=5^0 then W:^0. 

Retention 

1 Give examples of the performance of mechanical woi k when the force of 
gravity is oveicome. 

2. Give examples of the perfoimance of mechanical work when friction is 
overcome. 

3, Is any work performed by the force of gravity acting on a load on the table ? 
4 Is any mechanical work performed by a man with a load on his back when 

he walks up a staircase ? 

5. Is any mechanical work performed by a motionless hoise with a load on 
its back? 

Home task. 


Lesson No. 5 


Topic : Concept of power. 

Afm ; To clarify to pupils the concept of the power of machines. 

I. Questions to pupils. 

n. Presentation of the new material. 

We have considered the important concept of mechanical work and learnt 
how we can calculate the amount of work done against the force of gravity and 
against friction. 

Very often in technology and in everyday life one has to compaie the capability 
of various machines, devices and to compaie the productivity of labour of various 
workers. 

Let us see in what way comparison of this may be affected. 

Suppose we have two lifting machines (lift or ciane) and we want to compare 
the capability of these two machines. 

Let us assume that we know that one of the machines has performed the 
amount of mechanical work, W=12,000 kg wt m and the other machine’s amount 
of work, W=10,000 kg wt m. The question arises if it is possible, proceeding from 
these data, to find out which of the machines has moie capability of doing work. 
It is not possible. 

It is not sufficient to know the woik done only. It is because that we do 
not know how long these machines have worked. So, the capabihty of a maclune 
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is understood as the amount of work perfoimed in a unit of time. It follows that 
having only the data concerning the amount of woik performed by these machines 
we cannot answer the question. 

Thus to compare the capabilities of two machines it is not sunicient to know 
only the amount of the work performed by the machines but also the time taken 
for the performance of the works 

The capability of a machine and the amount of work performed by the 
machine in one second is called the power of a machine Thus to calculate the 
power of a machine it is necessary to divide the amount of the work performed, by 
the time, during which this woik was perfoimed Hence we can wiite as follows; 

„ . ,. Amount of work done 

Power of a machine = - 

time taken 

If we represent the power of a machine by N, the mechanical work pcrfoi med by W 
and the time by f we can deiive the formula which helps us to calculate the power, 
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Consequently to compare the powers of two machines, one should know the 
amount and measure of the work performed by each of the machines and the time 
of performance. From the point of view of time factor, the powei of machine is 
analogous to the speed of motion which you have already learnt studying kine¬ 
matics. 

Actually, if we want to compare the speed of the motion of two machines 
we cannot do this if we are given only the distances and S 2 covered by these 
machines, we cannot also do this if wc know the tunes of their motion alone i.e., 
tj and tj. 

So the speeds of motion can be compared only on the basis of the distances 
covered in a unit time by each machine. By analogy with speed, one can say that 
power represents the speed of performance of mechanical work by a machine. 
Such machines as cranes, locomotives, electric engines, motoi-cars, etc., are supplied 
by the plants which produce these machines, with the specifications, in which the 
principal data concerning these machines are given. One of the important charac¬ 
teristics of a machine is its powei. Let us see how we can calculate the power 

W 

experimentally using the formula N = ——, Since we have iiitioduced a new 

physical quantity—power, it is necessary to find out in what units it is measured. 
This can be done easily with the formula for power, given above 

We have already learnt that mechanical work can be measured inkgwtm 
or in joules. The time in this formula is given in seconds. Hence, it is clear that 

power can be measured in — kg wt m _ joule power of ^ machinp 
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is 


kg wt m 
sec. 


when it performs the work of 1 kg wt m in 1 second. 


In addition 


to this unit of Power, physicists use another unit of power —.. This unit 

sec. 

is also called watt. The machine performing the amount of work of 1 joule in 
1 second has the power of one watt. In technology bigger units of powei aie used. 
I hectowatt = 100 watts or 100 joules per second and 1 kilowatt=1000 watts oi 
1000 joules per second. Sometimes we use the old unit of power, H P 1 H.P,=76 

kgwtm. ^ means that the machine performing 76 kg wt m of mechanical 
sec 

work in 1 second has the power of 1 H.P. If a horse works foi longer period, 
power does not exceed 0 5 H P. Consequently, the name H.P chosen as a unit of 
power is not a very lucky one The range of power of a man if he works foi longer 
period, is 0 05 to 0.1 H P Your textbooks contain a table of powers of those 
modern machines, which is used most widely. 

W 

From the formula of power, N = —, it follows that given the power of 

the machine and its time of performance one can calculate the work which would 
be performed by the machine. 

Let us place a stand on demonstration table and to the uppei part of the 
stand clamp a fixed pulley. Pass a thread over the pulley and fasten a load of 
300 g wt to one free end and a demonstration spring balance to the other. Near the 
stand, fix a vertical demonstration ruler Raise the load uniformly to a certain 
height, noting simultaneously the time during which we raise the load by means of 
a metronome. Given the weight P=1000 g wt and the height=50 cm and the 
time t=2 seconds, we can calculate the power developed during the process. Foi 
this purpose, let us first calculate the amount of the mechanical work perfoimed. 


W = Ikgwtx 05m = 05kgwtm 

W _ 0 5 kg wt m _ 0.25 kg wt m 
^ ” t 2 sec. sec. 


III. Home task 

List of demonstrations on the topic. 

“Work and Energy”—Simple Machines. 

1. Demonstration of conditions under which mechanical work is peiformed, 

{a) If there is an acting force but there is no displacement of the body under 
the impact of this force, work is not performed, i e., when F:^0 and S=0 then, 

w=o, 
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{b) If a body is displaced but theie is no foice which would cause this dis¬ 
placement, work is not performed, i e., when and F=0, then W=(). 

(c) If a foice acts on a body and displaces it, mechanical woik is performed, 
i e., when and then W^O 

2. Demonstration of measuring the amount of woik pci formed to over¬ 
come the force of gravity. 

3. Demonstration of measuring the amount of work peiformed to ovei- 
come the force of faction. 

4. Demonstration showing that the amount of woik performed to ovei- 
Gorae the foice of gravity is more than the amount of work necessary to overcome 
the foice of friction, provided the same body is displaced thi ough the same distance. 

5. Demonstration of measuring the power developed when a body is raised 
to a certain height. 

6. Damonstiation showing that every moving body has certain amount of 
kinetic energy. 

7. Demonstiation of the dependence of the kinetic energy of a moving body 
on the speed of the motion of the body. 

8. Demonstration showing that cveiy body raised to a height has a certain 
amount of potential energy. 

9. Demonstration showing that the amount of potential energy of a body 
raised to a height depends on the weight of the body and the height achieved, 

10. Demonstration showing that a compressed spring has a certain amount 
of potential energy, 

11. Demonstration showing transformation of kinetic energy into potential 
energy and vice versa. 

12. Demonstration of two types of the lever. 

13. Demonstration of the conditions of equilibrium of forces on the example 
of the lever. 

14. Demonstration of the equal amounts of work when the lever is used. 

15. Demonstration of the technological application of the lever in the devices 
given below: 

(a) Performance of a spanner. 

(b) Performance of scissors. 

(c) Peiformance of iron catting scissors. 

(d) Performance of the pliers. 

(e) Performance of the wire cutter, 

(f) Perfoimance of a model pump. 

(g) Performance of a model lifting gate of the railway crossing. 

(h) Performance of a stick for carrying a load on the shoulder. 
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18, DMoiistiatioii of ttie pioperlies of a fixed pulley, 

17, Demoastraliott of tk properties of a morablepalley, 

18 Deinottstratioa sfiowiog tliat application of a inowble pulley does not 
giveanypinfoicc, 

15, Demonstration of ttie properties of a windlass, 

20 Demonstration of the properties of an inclined plane, 

21, Demonstrations of tke types of transmission of motion, 

(a) Belt tiansmission, 

(ii) Gear transmission, 

(c) Friction tiansmission. 



CHAPTER IV 


Elementary Thermal Phenomena 


I. The significance of the chapter 

Tills is the first chapLei in the course of physics devoted to the thcimal 
phenomena. In the couise of physics for class VIT, the study of thermal phenomena 
IS subdivided into following tliice chapteis: 

I Elementary thermal phenomena. 

2. Heat and work 

3. Transition of substance from one aggregate state into another. 

The present chapter is of gioat significance and helps to iindci stand the 
importance of thermal phenomena in everyday life and technology. This chaptei 
includes one small sub-topic which is introducloiy to the whole thermal phenomena. 
This sub-topic deals with the basic idea of the structiiie of substance This small 
sub-topic is very important. 

The informative value of this topic is due to the fact that in order to study 
heat aftei having studied the simplest type of motion, namely mechanical motion 
which is second in complexity, /.e. the motion of molecules. Dealing with the 
topic pupils get acquainted with a wide range of natuial phenomena, namely, the 
change in the size of a body when heated or cooled, tlie three forms of heat transfer : 
heat conduction, convection and radiation. Finally, this topic is important foi it 
shows the various applications of these phenomena in technology. 

II. The content of the chapter 

1. Molecules and their motion, diffusion 

2. Intel molecular foices in solids , liquids and gases. 

3. Expansion of solids, liquids and gases (examples fiom technology). 

4. Temperature, thermometers and their constiuctioii, clinical thermometeis 

5. Heat conduction in solids, liquids and gases. Application in technology 
of good and bad conductors of heat. Convection in liquids and gases. Thermal 
radiation and thermal absorption, Anomalous expansion of water. 
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m. The analysis of the key concept of the chapter 

1. The fundameutals of the moleculai kinetic tlieoiy of the structure of 
substance. 

Veiy long ago, i.e., about the fifth centuiy B.C. the idea was foimed that 
all the bodies which suriound us consist of tiny particles which could not be obseived 
diiectly. It was during the last 120 years, howevei, that tlie modern theory of 
atoms and molecules was evolved and experimentally proved. 

Molecules are tiny particles of mattei of which vauous substances are made. 
In some cases, foi example, in metal, in ineit gases (helium, Aigon and so on), tiny 
particles of substances arc individual atoms. In other case these particles consist 
of seveial atoms and they aie called molecules. Molecules of hydrogen, oxygen 
consist of two atoms, carbon dioxide molecule of three atoms, and so on. Numeious 
discoveries made in physics and chemistiy confirm that atoms are tiny particles of 
substances, “the bricks of the universe”. From an important law in chemistry, 
the law of multiple proportions, it follows that when two elements form several 
compounds, the masses of one of the elements combining with a given mass of the 
second element to form different compounds, bear an integral ratio Thus, form- 
stance, nitrogen and oxygen form five compounds, NsO, NO, NgOa, NOg and NgOs 
Here in all these compounds, the different masses of oxygen combining with a given 
mass of nitrogen are in integral proportion such as 1: 2: 3: 4; 5. There is not 
a single example in which masses of two elements forming such compounds have not 
the ratio of whole numbers. That is why it is possible to conclude that atoms aie 
the tiniest paiticles of which all substances in nature aie made. The idea of the 
molecular structure of bodies, i e , that all bodies in nature are built of molecules 
does not at the first instance agree with our everyday experience since we cannot 
observe these individual particles. We regard them as compact bodies. However, 
this is accounted for by the small size of molecules. Even by using the best optical 
microscope, which enables one to identify the objects the size of wliich is not less 
than 0 0002—0.0003 cm, it is impossible to see the biggest molecules. But quite a 
number of indirect methods have made it possible not only to prove the existence 
of molecules and atoms but even to find out their sizes. Thus the hydrogen atom 
may be regarded as 1.2 x 10“® cm in size; the size of the molecule of hydrogen i.e., the 
distance between centres of the two atoms, which it consists of, is 2.3 X 10~® cm. The 
mass of the hydrogen molecule is 3.3 X10“^* gram. 

Dealing with the sizes of atoms and molecules one should bear in mind that 
at the initial stages of our discussion of the structure of substances, we regard 
molecules and atoms as tiny balls. Therefore, when we speak about the size of 
atoms and molecules we mean the diameter of such balls. 

Only a few years back due to the development of electionics it has been 
possible with the help of the electron microscope to photograph some larger mole¬ 
cules. Much experimental data show that molecules in all substances, solids, 
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liquids aud gases arc m constant motion. For example, everybody knows well 
the phenomenon of diffusion, i.e , the phenomenon in which two substances mix 
with each other by themselves. In diffusion a substance spreads in eveiy direction 
as well as upwaids i.e., against giavity. The phenomenon of diffusion shows that 
molecules are in constant motion and this motion takes place in different direc¬ 
tions. This motion is called molecular thermal motion The general character 
of molecular motion is similar for gases, liquids and solids. In each case the motion 
is landoin i.e , the speeds at which the molecules move have no predominant direc¬ 
tion and are spread at random in all directions. Because of the collision of mole¬ 
cules, their speed keeps changing both in terms of direction as well as magnitude. 
Therefore, the speeds of molecules may differ considei ably. At any instant, there 
aie molecules in a body which move extremely fast as well as molecules which move 
relatively slow However, most of the molecules move at speeds which differ very 
slightly from some average speed depending on the nature of the molecule and its 
temperature 

The phenomenon of diffusion indicates not only the motion of molecules 
but also shows that every body is built of molecules which are not veiy densely 
"packed” le, in other vromfe there is some space between them. Finally, between 
the molecules there exist certain foices of interaction. These forces, known as 
molecular forces, manifest themselves in mutual attiaction and mutual repulsion. 
The character of the interaction of molecules depends on the distance separating 
the molecules. With the decrease m tlte distance between the molecules the forces 
of repulsion increase faster than the forces of attraction. 

Thus the main conclusions of the molecular kinetic theory of substances are 
as follolws: 

1. Every body consists of tiny particles that are called molecules. 

2. The molecules in any body are in constant motion. 

3. Between the molecules of a body there are gaps (space) separating the 
molecules from one another, 

4 Between the molecules there exists a force of interaction that manifests 
itself in mutual attraction and mutual repulsion 

2. Thermal Expansion of Bodies 

Simple experiments and observations show that when the temperature of 
a body rises, it expands slightly in size whereas when it is cooled the body contracts 
to its original size. Thus, for instance, a bolt heated considerably will not fit into 
the screw whereas it would easily fit when it is cooled. In hot weather telegraph 
wiring sags noticeably compared to that duiing winter. If a homogeneous body is 
heated uniformly it will keep its shape, though it expands. A different situation 
will arise when a body is heated non-uniformly. When bodies aie heated non- 
uniformly, there appear in them some strains which may damage it completely if the 
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tensions ate excessive. Thus thick glasswares will have tensions immediately aftei 
it is filled with hot water and it would sometimes bieak. This happens because 
the inner paits will get heated and expand fiist, stretching at the outside surface of 
of the vessel. This strain on heating can be avoided if the vessel has very thin walls 
so that the heat spreads quickly thioughout the whole substance (chemical glass¬ 
ware). 

Different solid materials have different linear expansions when temperature 
rises to the same extent. The defoimative tensions arising in solids owing to 
thermal expansion may be very considerable. This factor should be considered 
in many branches of technology There have been cases when some parts of iron 
bridges rivetted during day time break theii rivets during night time on account 
of the change in length, due to the fall in temperature. To avoid this, measures 
are taken so that parts of a construction could expand and contract freely with 
change in temperature. For instance, when rails are laid, spacing is left between the 
junctions. Iron steam piping is always provided with bends in the form of loops 
(compensators). 

What causes the expansion of solids? The teachei knows that the atoms 
and molecules in crystals are located at the joining points of the lattice. They 
oscillate in every possible direction around some position of equilibrium near the 
lattice joints. With an increase in temperature the range of oscillations of the 
particles increases and mutual repulsion will exceed mutual attraction There¬ 
fore, when heated, the average distances between the particles of a bodyinciease 
which manifests itself in the expansion of bodies. 

We cannot speak about linear expansion of liquids, for liquids have no 
definite shape. Expansion in volume of liquids can however be easily observed. 
Fill a flask with coloured water or any other liquid and insert a cork with a tube 
passing through it so that the liquid should enter the tube. If you immerse the 
flask in hot water, the level of liquid in the tube will first momentarily come down 
and then will start rising. The lowering of the liquid level at first indicates that the 
vessel first expands while the liquid has not yet become warm. Then the liquid 
also gets warm. The inciease of its level shows that the liquid expands more than 
the glass. Different liquids expand differently when heated; kerosene, for ins¬ 
tance, expands more than water. 

If a liquid is heated in a closed vessel thus preventing expansion, it would 
experience, like solids, large tensions which are transferred to the walls of the vessel 
and are capable of breaking the latter. That is why the arrangement of pipes in 
central heating system arc always provided with an expansion tank which is connec¬ 
ted to the upper part of the system, having a let-out into the atmosphere. 

The substance which is abundant on the surface of the earth, namely, water 
has a peculiarity owing to which it behaves unlike most othei liquids. It expands 
only when heated above 4 °C. Within the range of 0 °C to 4 °C, the volume of 
water decreases on the contrary, when heated. The water has maximum density 
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at 4''C. This can be easily obsci'ved fiom the foimula of density D = — With 

V ' 

the rainimmn value—the density will be maximum because the ratio= 

— IS maximum when the dcnominatoi is minimum in case of water at 4°C, 

V 

The peculiar expansion of watei is of great significance foi mfluencing the 
earth's climate. The gieatcr part of the eaith’s surface, about 79%, is coveted 
with water. The sun’s rays falling on the water siiiface aie partly reflected from it 
and partly penetrate into the water and heat it. In coldei regions if the temperature 
of the water is low, the layers heated (foi instance at 2°C) arc densci than the cooler 
layers (for instance at TC) and, theiefore, move downwards These are replaced 
by the coaler layers which in their turn become heated. Thus a constant change 
of the layers of water takes place which contiibutes to a umfoim heating of the 
whole mass of the water until it attains the tempeialuie at which water has maximum 
density. On further heating the uppei layers become less dense and therefore 
remain above 

Owing to this, the laige masses of watei aie heated by sun’s rays easily to the 
temperature of the maximum density of water Further, heating of the lower layers 
goes on very slowly. On the contrary, the cooling of water to the tempeialure of 
maximum density occurs lelatively easily and then the process of cooling slows 
down, All this accounts foi the fact tliat deep water basins on the surface of the 
earth have, starting at some depths, right up to the bottom, a temperature close to 
the temperature of maximum density (3°—4 °C), The upper layers of sea water in 
hot countries can have the temperatures which are much higher e.g., 30‘—35 °C. 

The cause of expansion of liquids is the same as that of solids. Liquids 
expand more than solids because the forces of moleculai attiaction in liquids are 
less than those in solids. 

Gases like solids and liquids expand when heated. Thermal expansion of 
gases as well as of liquids is due to the increase in their volumes, Unlike solids 
and liquids different gases when heated inciease theii volume equally and this 
increase does not depend on the nature of the gas (ideal gases) 

nt. Various Processes characterised by Transfer of Heat 

When no work is performed, the tiansfei of heat takes place in a definite 
diiectian. The internal energy of a heated body increases whereas the internal 
energy of a cooled body diminishes. 

The greater is the difference in the temperatures of two bodies iii contact the 
more intensive (under similar other conditions) will be the process of heat transfer 
from a hotter body to a colder body. When the temperatures of the two bodies 
become equal, transfer of heat stops and the so-called theimal equilibrium occurs. 
Let us see what processes lead to the tempeiatures becoming equal. 
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(а) Thermal Conductivity 

When we heat cold water in a pot, placed on a hot stove, heat transfer occurs 
through the walls of the pot. Property of bodies to transfer heat is called Thermal 
Conductivity. On what factors does the amount of the heat transferred through 
the walls depend? Firstly, it depends on the surface area of the wall. The water 
in a pot with a wide bottom becomes heated faster than in a pot with a smaller 
area of the bottom surface. Experiment will easily show that the amount of heat 
transferred in unit time through a wall at a certain difference of temperatures 
depends on the thickness of the wall. The thicker the wall the less is the amount of 
heat transferred. Finally, transfer of heat depends considerably on the material of 
which the wall is made. Good thermal conductivity is possessed by all metals 
whereas liquids, and more so the gases, are very poor thermal conductors, 

(б) Convection 

Besides thermal conductivity, heat transfer in liquids and gases often occurs 
because of convection i.e,, the process of heat transfer, when the heated parts are 
mechanically displaced. Very frequently when a liquid or ‘a’ gas comes in close 
contact with the walls of the container whose temperature is higher than that of the 
liquid or the gas contained in it a convection current is set up in the heated liquid or 
gas. Hot layers move upwards and the cooler layers move downwards. This 
happens because of the decrease in the density of the liquid or the gas when their 
temperature rises. 

Evidently convectional currents in liquids and gases develop more easily if 
their co-efficient of expansion is greater. Viscosity of liquids and gases is also 
important. More viscosity will evidently hinder the development of convectional 
currents. In very narrow layers, for instance, in a layer of air between two closely 
situated window panes, convectional currents are weak. If convectional currents 
develop, they contribute largely to quick heating of the liquids and gases. When 
there is no convection, the heating of liquids and gases is very slow because of their 
low value of thermal conductivity. Convectional currents in the atmosphere not 
only play a great role m heat transfer but also set up the winds. Winds cause sea 
currents and waves, they rotate the blades of wind-operated engines. Convectional 
currents in the atmosphere cause constant displacement of the air owing to which 
the air at different places of the eaith’s surface has almost the same composition. 

(c) Radiation and Absorption of Radiation 

Apait from heat transfer through thermal conductivity and convectional 
current, an important part, in nature and technology, is played by heat transfer 
due to radiation and absorption of radiation. When we bring the hand to a 
hot iron even not so close, we feel warmth. The iron emits heat rays and there¬ 
fore gets cooler, whereas the hand absoibs them and becomes heated. These 
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rays are not othei thanclcctioraagncUc ladiations One of lire peculiar charac- 
teiistics of heat transfer by means of radiation is that it can take place rn vacuum 
For example, tire huge amount of heat the caitlr receives from the sun’s rays is 
transferred exclusively by means of radiation and absorption of radiation 

IV. The Methodological Analysis 

It was already mentioned that in order to make the pupils understand well 
the entire chapter on heat and the first topic, namely, elementary thermal pheno¬ 
mena, it is advisable to begin this topre with a revrew of the fundamentals of 
the molecular structure of rrratter with which pupils were acquainted in the 
course of physics for class VI. The specific feature of this topre fi om the point 
of view of the methodology of its study is that all the questions of tins topic are 
studied only qualitatively. This is accounted for by the difficulties in tire mathe¬ 
matical presentation of the topic tlu-ough analytical method. The quantitative 
aspect of this topic is discussed at the second stage of instruction in class IX. Since 
the analytical method cannot be used for presentation of this topic in class YIl, 
demonstration as the basic method to be used becomes essential. A number of 
such demonstrations can be performed while dealing wrtli this topic. The teacher’s 
task is to select from these the simplest and the most convincing demonstrations. 
It is important to think over the methods and techniques of performing each 
demonstration experiment on the basis of these experiments, the deuving of certain 
properties and characteristics. This topic, namely, simple thermal phenomena, 
consists of two sub-topics; 

1. Expansion of bodies on heating. 

2. Forms of heat transfer. 

The first sub-topic, namely, expansion of bodies on heating, can be discussed 
in the following sequence: Expansion of solids, liquids and gases. Instances of 
thermal expansion of bodies are widely observable in nature and technology. It 
IS advisable, therefore, to begin the discussion of this question by analysing such 
instances given by pupils and based on their everyday observations. After that 
a simple demonstration with Gravezand’s Ball can be shown. The experiment 
described in the textbook with a rod, one end of which is fixed and the other end 
rests on a horizontal needle, is also a simple one. On being heated with a spirit lamp, 
the rod expands and rotates the needle with a light arrow attached to it. It is 
important to help pupils to form the idea of the unequal expansion of different 
metals. It is desirable, thcrefoie, to perform experiments not only showing the 
effect of thermal expansion but also the respective amounts of expansions. To 
ensure complete comprehension of the phenomenon of expansion of solids on 
heating and their contraction on cooling, pupils with the teacher’s help 
should solve some interesting qualitative and expeiimental problems. 
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The same sequence may be maintained while discussing the questions of 
expansion of liquids and gases. After the discussion of expansion of different 
bodies on heating, we pass over to the question of measuring tempeiatures. Pupils 
have the same idea of temperature which they have formed fi om everyday experience. 
The teacher’s task is therefore to help them to acquire skills in measuring tempera¬ 
ture. 

Temperature is a quantity characterising the thermal state of a body. If the 
temperatures of two bodies are equal the bodies are in the same thermal states. 

This approach in defining temperature may be preserved in the elementary 
course of physics. 

Pupils are first told that bodies can be heated to a different extent. For 
example, water in a vessel can be called warm and hot But to form a more exact 
judgment about it, it is necessary to find such an identifying feature or such a 
property of the body which would clearly indicate to what extent the body is heated. 
Expansion of bodies on heating can seive as such distinguishing featuie. The 
greater the extent to wliich a body is heated the moie will be the expansion in its 
volume and more intensive will be the chaotic motion of the molecules. Thus 
by a change in the volume of body on heating, we can judge the intensity of its 
molecular motion or its temperature After that the experiment with a flask 
(figure 38) is shown and the conclusion is drawn that the temperature of the water 
in the flask can be judged by the height to which it rises in the tube. If the liquid 



Fig, 38 
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in the flask has the temperature of the sinrounding medium the hciglit of the liquid 
m the tube is the indicator of the tcmpcratui'c of the medium (air, water, etc,) as 
well. Thus, a flask with water and a nanow tube attached to it can suve as a 
simple “thcimoinetei'’, Then the teacher passes over to the discussion of the 
construction of vaiious thciinometeis and theii practical applications, Out of 
the vaiious types of therraometeis it is advisable to examine laboialory, clinical, 
maximum and minimum thermometers, Then the teacher should demonstrate 
how it is possible to graduate a thennometer. A laboratoiy thermometer whose 
scale IS coveied with white paper can be used for this purpose. Fiist the Ihcimo- 
metor is pul in melting ice and the level of the liquid m the thermometer is marked. 
This terapBiatuie is accepted as 0“ in the Celsius scale. Then the thermometer is 
placed in the vapour of boiling water and again the level of the liquid is marked. 
This temperature is accepted as 100“ in tlie Celsius scale. With the two mam points 
of the Celsius scale on the stiip of the paper, it is necessary to divide the distance 
on the scale into equal parts to obtain smaller grades on the scale. After that the 
self-made scale must be compared with the commercial one. 

Pupils should be made to understand the following points while making use 
of a thermometer. 

(1) Every thermometer is intended for moasming Lcmperalurcs only within 
a certain temperature range. One cannot, thciefoic, use a thermometer if the 
temperature to be measured is below or above the minimum or maximum lange 
valid for the given type of thermometer. 

(2) Reading should be taken after sometime during which the thermometer 
acqukes the temperature of the medium being measured, 

(3) When the temperature is measured, the thermometer should not be 
removed from the medium before noting down the temperature. 

(4) The observer’s eye should be on the level of the upper end of the liquid 
pile inside the thermometer. Pupils should be told about some examples of 
temperatures which we come across in everyday life and technology. Many 
mammals have the normal temperature from 35—45 5“C. The temperature of a 
healthy man is 36-37“C. The temperature of birds 39.5—44°C. Maximum tem¬ 
perature on the earth 58'’C was registcied in Tripoli and the lowest—88.3“C in 
the Antarctic. The tungsten filament in a bulb lilled with a gas becomes healed to 
2250°C and the temperatui e of the sun’s surface is about 6000“C. 

After that, the simple laboratory work, study of the construction of the 
thermometers and measuring temperatuie with them can be done. After doing 
this work, pupils should examine qualitatively the scales of the given thermometers 
and measuie the room temperature and the temperature of water in a vessel. It is 
desirable also to organize an exenrsiou to a weather toreeasting station and acquaint 
pupils with measuring temperatures, with diffeient thermometers. The first sub- 
topic is completed by discussing thermal expansion of bodies in nature and 
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technology With some examples of thermal expansion of bodies in eveiyday life and 
technology, pupils are introduced to the fiist lesson of this sub-topic. Howevei, 
since this phenomenon is very impoitant in many branches of technology, a 
special lesson as its applications should be given. 

In the first place, pupils could be shown how tiemcndoiis fences develop 
when solids expand or contiact because of theimal changes. For this pm pose the 
well-known device suggested by Tyndal may be used. In this expeiiinent a heated 
rod clamped with a screw in the base plate bieaks when it cools a cast iion rod 
inseited in the orifice at its end. Pupils’s attention should be diawn to the fact 
that the huge foice developed due to expansion, causes the destuiction of moun¬ 
tain rocks especially if these aie not homogeneous such as giamtc. Some scientists 
explain the formation of craters on the lunar suiface etc. by thci mal expansion 

Instances of thermal expansion m technology arc numeious. Hcie one 
can speak about laying the rails of a railway, theimal compensatois of watci heating 
systems, constiuction of bridges, electric wiling, etc. Once these examples aie 
discussed pupils should be shown how thermal expansion is made use of in the 
following automatic devices : 

1. The Contact Thermometer (figure 39), when acidulated water in a flask 
is heated, the liquid goes up and foims a contact between the two ends of insulated 
wires from the ends of which insulation was removed and which weie put in a glass 
tube. 

2. The Bimetallic Signalizer.—Fitsi pupils are sliown how a bimetallic plate, 
when heated in the flame of a spirit lamp (figure 40), changes its initial shape. Then 
closing a circuit with the help of a bimetallic plate, switching on some appaiatus, 
for instance, a lamp is demonstiated. 



Fig. 39 
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A sigiializer assembled according to the scheme shown in figure 41 can be 
demonstrated. At room temperature the lowei contact can be closed. When a 
device is switched on, the bimetallic plate heated by the lower lamp bends and 
bleaks the contact. Bending fuithei owing to thermal ineitia the plate closes the 
upper contact which is situated nearby and switches on the upper lamp On the 
contrary, when the plate is cooled, the lowei lamp is switched on whereas the upper 
lamp is switched off and so on 



Fig. 41 


II. Transfer of Heat 

The content of this sub-topic in fact makes it possible for pupils to under¬ 
stand the second law of thermal dynamics which asserts the impossibility of sponta¬ 
neous transfer of heat from a cooler body to a warmer one. Therefore to the fact 
that the transfer of heat always occurs in a certain diiection : from a body at a higher 
temperature to a body at a lower temperature, tire pupil’s attention should be 
drawn. Before presenting the content of this sub-topic, the main points of molecular 
kinetic theory should be revised This approach makes it possible for pupils to learn 
more profoundly. 

After that, various forms of heat transfer are discussed. The following 
sequence is observed in the textbook : thermal conduction, convection and radia¬ 
tion. Summing up ideas formed by pupils and the demonstrations shown (the 
list of which is given at the end of the chapter) the teacher establishes the fact of 
heat transfer from one part of a solid body to another. Heat transfer by means 
pf coudqction can be explained to pupils in the following way: When a body is 
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heated the speed of the molecules increases. This intensified motion of the mole¬ 
cules of one part of the heated body is transferred to the molecules of the adjacent 
parts, This gradual process results in higher speed of the molecules inside the 
body and consequently increases the temperatuie of the whole body. This process 
of heat transfer is known as conduction. Aftei that, on the basis of the dis¬ 
cussion of examples flora everyday experience of pupils and simple and convincing 
demonstrations, the concept of good and bad heat conductois and then application 
in technology is introduced. To achieve clear understanding of the part played 
by good and bad conductors, qualitative and expeuniental problems should be 

solved by pli^ils. 

1.7, 

2. Convection 
in 

Presentation can begin with performing a problem experiment(figuie 42), 
arranging in the given way two glass tubes with watei over the flame of a spirit 
lamp. Heie the readings of one thermometer (the left one in the picture) 
will not change whereas those of the other thermometei (the right one in 



*By problem experiment is meant an experiment befoie the teacher has given explanation whigh 
the students will be asked to explain after they have observed it, 
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the picture) will. Begin discussions with pupils: Why in one case the water 
conducts heat well and in the other badly ? By means of discussion, it is claiified 
that in the left hand side tube the readings of the thermometer do not change for 
water is a bad thermal conductoi. In the second case when water is heated its 
expansion takes place audits density decreases and consequently under Archimedes 
Law the layers of water that arc heated go up and transfer the heat registered by the 
thermometer. For pupils to see the upgoing warm currents, it is necessary to 
perform the following experiment. 

If a round-bottomed flask filled with water is taken, on the bottom of which 
there is a small crystal of potassium permanganate and is fixed to a stand, the convec- 
tional currents will be seen to colour the water if the water is heated slowly. 

To demonstrate conductivity and convection in gases, an experiment similar 
to the one shown in picture 10 (textbook) can be performed. Test tubes with air 
can be used for this purpose. After that with the help of paper rotating wheels 
and smoke, the teacher can demonstrate the upgoing currents of an above a heater. 
Pupils will listen with interest to the teacher telling them that the mass of one cubic 
metre of water at 100°C is 42 kilograms less than at 0°C. The mass of one cubic 
metre of water at 100°C is almost 1.04 times less than at "OC. Consequently 
convection in gases is also explained by Archimedes I.aw. As an example of con¬ 
vection in nature, the blowing of day and night breezes may be given while in 
technology the formation of the draught in chimneys, convection in water heat¬ 
ing, water cooling of internal combustion engines etc., may be pointed out. 
As in case of conductivity, after explaining the mechanism of heat transfer by con¬ 
vection, it is necessary to solve with pupils a sufficient number of qualitative pi oblems 
having great practical significance. 

3. Radiation 

In nature we find some examples of heat transfer from luminous bodies 
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by means of radiation. Pupils know that the main source of light and heat for the 
earth is the sun, situated at a great distance (150 million kilometres). However, 
most pupils are unaware of the fact that theie exist invisible thermal 
radiations which are emitted by any heated body. The natuic of the phenomenon is 
established by the experiment with a hot body and a thermoscope (figure 43). 

The question arises :What causes the heating of air in the flask of the ther- 
moscopa? Heat tiansfer from the hot body to the thermoscope could not 
have taken place by means of conduction or convection. Consequently to explain 
the result of the experiment, one had to assume that in tliis case heat is tiansferred 
from the heated body with the help of invisible theimal rays. 

T his experiment is repeated after turning the thermoscope to the hot body 
so that the white side faces it and it is observed that white surface absorbs rays less 
than black. 

The teacher then proceeds to formulate the concept, difficult for pupils to 
understand that black bodies at equal temperatmes not only absorb more heat 
than white bodies but also radiate more heat. For this purpose the experiment is 
performed with the vessel A (figure 44) one wall of which is covered with the 
black paint and the other with white paint. The vessel is filled with hot water and 
near it are placed two heat absorbers B and C connected with different mano- 
metres. 
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The discussion of the phenomenon of radiation is ended by solving qualita¬ 
tive problems of practical importance and explaining natuial and technological 
phenomena. 

I. Problems on Thermal Expansion of Bodies 

1. Why is it necessary to avoid fixing the telegraph lines lightly between 
poles when telegraph communication lines are laid ? 

2. Why do precision measuring instruments have indications of temperatiire 
on them (normally 20-30“C) ? 

3. Why is it necessary to avoid filling the tank with petrol up to the top 
of the tank? 

4. Why does the level of water in a bottle go down when the water is cooled 
considering that the bottle also contracts? 

5. Two vessels with pipes aie filled, one with watei and the other with 
kerosene, to the level of the dotted line on the screen (figure 45). Then the 
vessels are placed in hot water. Which of the vessels contains water and which 
kerosene ? 

6. Figure 40 represents two plates—copper and iron—fixed together. The 
plates are heated. Find out which of them is the copper plate and which one is the 
iron plate. 



Fig. 45 
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7. In what way will the level of water in glass tubes change if the tubes are 
connected with vessels of equal capacities (figure 46a, b). The condition is that 
water in the vessels is heated to the same temperature. 

8 Explain the action of the fountain represented in figure 47. 

9. Why does the level of mercury in the medical thermometer not go down 
immediately after it was removed from under the armpit ? 


n. Problems on Various Forms of Heat Transfer 

1. Why don’t you burn your fingers when you hold a buimng match? 

2. Which one of these is the best thermal insulator: brick, glass oi concrete? 

3. In what way is it possible to keep warm the inside of Eskimos’ huts made 
of ice? 

4. Why does a mirror become heated so little ? 

5. Why do people wear light clothes in summer? 

6 Why does the dirty snow in towns melt faster than clean snow in the 
fields or on the mountains 7 

7. Why are the radiators of central heating placed in the lower part of the 
room and not in the upper part ? 

8, Why are the handles of hot water tanks’ top made of wood ? 
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9. In cold places, pipes of water system are wrapped up in thick felt and 
bound with wooden boards. Why is it done? 

10. Air conducts heat badly. Why then objects do not cool in the open air? 

11. Why are the chimneys of plants and factoiics made so tall? 

12. Why do window shutters help to keep the house Waira ? 

13. Why in winter are the shutters of fiieplaccs closed only after the wood 
has burnt out? 

14. Why is the underground cabin the coldest place in the house? 

15. Why do glasses with tliick walls crack moie often than those with thin 

walls? 

16. If you drink tea from an aluminium jug you will bum your lips, whereas 
the same tea will not burn lips if you drink from a jug made of porcelain. Why ? 

17. Experienced house-wives put a tea spoon into the glass before pouring 
boiling water m it. Why ? 

18. Burning coal put on metal is quickly extinguished whereas on a wooden 
boaid the same goes on smouldering. Why ? 

19. A piece of paper wrapped tightly around a coppei rod will not burn if 
it IS kept in the burner’s flame for a short time. If the copper lod is leplaced by a 
wooden one the paper will start burning quickly. Why ? 

20. Which soil will be warmed by the sun more quickly—wet soil or diy 
soil? 

21. Animals having hair on the bodies shed the hair in spring while in autumn 
the hair grows again. What is the importance of this for the animals? 

22. Man does not feel that the aii is cool if the temperature is 20° C whereas 
in water he feels cold at the temperature of 25° C. Why ? 

23. Why does a strip of paper over a burning candle go up quickly ? 

24. When does a tea-pot with boiling water cool fastei when the pot is on ice 
or when ice is put on the tea-pot cover? 

25. There are holes in the lower and upper parts of projectors and movie 
cameras. Why ? 
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THE TOPICAL PLAN 
(All in all 15 lessons) 

Date of Topic 

No. the lessons 

1 2 3 


1. 

Thermal phenomena. 

2. 

Fundamentals of molecular 
kinetic theory of sub¬ 
stances. 

3. 

Expansion of solids on 
heating. 

4. 

Expansion of liquids and 
gases on heating. 

5. 

Concept of temperature and 
methods of measuring it. 

6. 

Construction of thermo¬ 
meter. 

7. 

The clinical thermometer; 

Maximum and Minimum 
thermometer. 

8. 

Applications of thermal ex¬ 
pansion in technology. 

9. 

Transfer of heat, heat con¬ 
duction. 

10. 

Examples of use of thermal 
conductivity in techno¬ 
logy. Solving problems 
on conductivity. 

11. 

Convection. 

12, 

Examples of use of convec¬ 
tion in technology. 

Solving problems on con¬ 
vection. 

13. 

Radiation and absorption. 

14. 

Examples of manifestation 
of radiation and absorption 
in nature and technology. 

Solving problems. 

15. 

Peculiarities of thermal ex¬ 
pansion of water. 


Methodo- Demons- Home 
logical tration task 
work 

4 5 6 
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Detailed Plan of Lessons of the Chapter 

Lesson No. 1 

I. Topic : Introduction to theory of thermal phenomena 

H. Aim: To clarify to pupils the importance of thermal phenomena in nature and 
technology. 

HI. Presentation of the new material : 

1. Thermal phenomena in nature. 

(a) Warming and cooling of air and soil 
Q}) Melting of ice by the sun. 

(c) Winds. 

2. Thermal phenomena in technology. 

(n) Melting of ores. 

{b) Heating of water. 

(c) Boiling of water. 

3. Use of thermal phenomena in everyday life. 

4 Use of thermal phenomena in technology. 

5. Revision of the basic concepts of molecular kinetic theory of structure of 
substances. 


Lesson No. 2 

I. Topic : Fundamental of the molecular kinetic theory of substances. 

II. Aim : To review with pupils the basic concepts of the molecular kinetic theory of 

substances. 

ni. Presentation of new material : 

1. All bodies consist of molecules. Demonstration of divisibility of the 
substance. 

2. Size of molecules. 

3. In all bodies molecules are in constant motion. Demonstration of diffu¬ 
sion of gases and liquids. 

4. Between molecules there are empty spaces separating them (Demonstra¬ 
tion). 

5. Interaction between the molecules, 

{a) Mutual attraction (Demonstration). 

{b) Mutual repulsion (Demonstration). 

IV. Home task. 
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Lesson No. 3 


I. Topic : Expansion of solids. 

II. Aim : To explain to pupils change in the sizes of solids on heating and cooling. 
HI. Question to pupils on: 

Revision of the basic concepts of the molecular kinetic theory of substances. 

IV. Presentation of new material: 

1. Discussion of examples on expansion of solids from everyday observa¬ 
tions by pupils. 

2. Demonstration of lengthening of wire on heating. 

3. Demonstration of expansion of a metal ball on heating and contraction of 
it on cooling. 

4. Different extents of expansion of different metals. 

V. Retention : 

Solving qualitative problems on expansion of solids. 

VI. Home task. 


Lesson No. 4 

I. Topic . Expansion of liquids and gases on heating. 

II. Aim : To clarify to pupils expansion of liquids and gases on heating. 

III. Questions to pupils on : 

1. Basic concepts of the molecular kinetic theory. 

2. Solving qualitative problems on expansion and contraction of solids on 
heating and cooling. 

IV. Presentation of new material : 

1. Discussion of examples on expansion of liquids and gases on heating. 

2. Demonstration of expansion of liquids on heating. 

3. Demonstration of expansion of air in flask. 

V. Retention : 

Solving qualitative problems of expansion and contraction of liquids and 
gases on heating and cooling. 

VI. Home task. 


Lesson No. 5 

I. Topic : Concept of temperature and method of measuring it. 
n. Aim : To clarify to pupils the principle of measuring temperature, 
in. Questions to pupils on: 

1. Basic concepts of the molecular kinetic theory of substances. 

2. Expansion of bodies on heating. 

3. Solving qualitative problems on expansion. 
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IV. Presentation of new material : 

1. Subjective determination of the tcinpcratmc of substances. 

2. Objective methods of measuring tempeiatnro. 

3. Experiment with a flask-model of the thcimometer. 

4. Dependence of temperature on the speed of molecular motion. 

V. Home task. 


Lesson No. 6 

l. Topic : Principles of construction of a laboratory theunometer. 

n. Aim : To clarify to pupils the construction, graduation and the precautions 
while measuring temperature by the thermometer. 

m. Presentation of the new material: 

1. Construction of the laboratory thermometer. 

2. Fixed points of the Celsius thermometer. 

3. Graduation of the thermometer. Demonstration. 

4. The precaution taken while measuring temperature by the thermometer. 

IV. Retention; 

1. Construction of the thermometer. 

2. Two main points on the Celsius thermometer. 

3. The precaution taken while measuring temperature with the thermometer, 

V. Home task. 


Lesson No, 7 

l. Topic : Construction and application of the clinical, maximum and minimum 

thermometers. 

H. Aim : To clarify the construction and application of different types of thermo¬ 
meters. 

m. Questions to pupils as : 

1. Solving problems on expansion and contraction of bodies on heating and 
cooling. 

2. Construction of the Celsius thermometer, 

3. The precautions in the reading of temperature with a thermometer, 

IV. Presentation of new material: 

1. Construction and application of the clinical thermometer. 

2. Construction of the maximum thermometer. 

3. Construction of the minimum thermometer. 

V. Home task. 
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Lesson No. 8 

I. Topic : Applications of thermal expansion in technology. 

H. Aim: To clarify to pupils the working principle of important technical applica¬ 
tions based on thermal expansion of bodies. 

HI. Presentation of new mateiial: 

1. Contact thermometer (Demonstration). 

2. Experiment on bimetallic plate (Demonstration). 

3. Thermal relay of a bimetallic plate (Demonstration). 

IV. Retention . 

Solving pioblems on expansion and contraction of bodies on heating and 
cooling. 

V. Home task. 


Lesson No. 9 


I. Topic : Transfer of heat by means of heat conduction. 

II. Aim : To clarify to pupils the mechanism of the heat transfer by conduction. 

III. Presentation of new mateiial : 

Discussion of examples from technology and everyday life and nature 
to illustrate the existence of the process of heat transfer. 

IV. Retention ; 

Solving problems on heat transfer by means of heat conduction. 

V. Home task. 


Lesson No. 10 


I. Topic : Convection. 

II. Aim ; To clarify to pupils the mechanism of heat transfer by means of convec¬ 

tion. 

in. Presentation of new material : 

1. Demonstration of convection in liquids. 

2. Demonstration of convection in gases (in air). 

3. Demonstration of rising currents in liquids. 

4. Demonstration of rising convectional currents in gases. 

IV. Retention ; 

Solving problems on convection. 

V. Home task. 
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Lesson No. 11 

I. Topic : Use of convection in technology. 

H. Aim : To teach pupils skills in solving qualitative and experimental problems 
on convection. 

HI. Presentation of new material : 

1. The mechanism of heat transfei by means of convection. 

2. Use of convection in technology. 

IV. Retention : 

Solving problems on convection. 

V. Home task. 


Lesson No. 12 

I. Topic : Radiation and absorption. 

H. Aim : To clarify to pupils the method of heat transfer by means of thermal 
rays. 

HI. Presentation of the new material : 

1. Discussion of examples from nature and technology where heat transfer 
by means of radiation and absorption is manifested. 

2. Demonstration of the process of radiation by a heated body. 

3. Demonstration of dependence of radiation and absorption capacity of 
bodies on their colours. 

IV. Retention; 

Solving qualitative and experimental problems, on the radiation and absorp¬ 
tion. 

V. Home task. 


Lesson No. 13 

I. Topic : Use in technology of radiation and absorption. 

II. Aim : To teach pupils skills in solving problems on radiation and absorption, 
in. Questions to pupils as ; 

1. The difference in the mechanism of heat transfer by means of conduction, 
convection and radiation. 

2. Solving problems on heat conduction and convection. 

IV. Presentation of the new material: 

Examples of manifestation in nature, technology and everyday life of 
processes of radiation and absorption (Demonstrations). 

V. Retention: 

Solving problems on radiation and absorption. 

VT faeV 
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Lesson No. 14 

J. Topic: Peculiarities of thermal expansion of water. 

n. Aim : To clarify to pupils abnormal properties of water as compared to other 
substances. 

ni. Questions to pupils as : 

1. Expansion and contraction of bodies on heating and cooling. 

2. Forms of heat transfer. 

3. Solving problems of all forms of heat transfer. 

IV. Presentation of the new material: 

1. Water in nature and human life. 

2. Abnormal expansion of water when it is heated from 0° to 4°C. 

3. Demonstration of peculiarities of thermal expansion of water. 

4. Manifestation of peculiar thermal expansion of water in nature. 

V. Retention ; 

Solving qualitative problems on abnormal peculiarities of thermal expansion 
of water. 

VI. Home task. 



CHAPTER V 


Heat and Work 


I. The significance of this chapter 

Before the study of this chapter ‘heat aud work’ pupils have already formed 
elemeiitaiy concepts of work, mechanical energy, thermal expansion and contraction 
of bodies, when they are heated, temperature and the processes of transfer of heat. 
All these concepts familiar to them are to be elaborated in this chapter. In this 
chapter, the basic ideas of internal energy and the quantity of heat are formed. 
The concept of work is also broadened. It is clarified that a given quantity of 
heat is equivalent to a definite quantity of work and on this basis, the law of the 
conservation and transformation of energy during mechanical and thermal processes 
is elaborated. 

This important law of nature is of great importance for broadening pupil’s 
outlook. 

This basic law of all modern natural sciences is presented in such a way that 
pupils understand its role in all the phenomenon which they study. 

II. The content of the chapter 

1. Bodies are heated when mechanical work is performed or heat transfer 
takes place. 

2. The internal energy of a body and the quantity of heat. 

3. Units of heat. 

4. The specific heat of a substance. 

5. Calculating the amount of heat necessary to heat a body. 

6. The energy of fuel : the heat formed when fuel is burnt. 

7. The heat radiated by a heater. 

8. The relationship between the unit of work and the unit of the quantity 
of heat. 

9. The law of conservation and transformation of energy. The sun is the 
main source of energy for the earth. 
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Laboratory Works 

1. Comparing the quantity of heat by mixing together water at different 
temperatures. 

2. Finding the heat radiated by a heater. 

III. The analysis of some key concepts of the chapter 

Before evolving the methodology of study of thermal phenomenon, it is 
necessary to analyse the content and interpretation of the basic thermodynamic 
concepts. Here, the main task is the formation of clear concept of the quantity 
of heat, energy and work and also pointing out their common and specific features. 

(A) The concept of the internal energy 

The concept of the internal energy is one of the basic concepts in modern 
thermodynamics. Let us see how the modern physics explains the internal energy. 

The energy of a system depending on the speed at which it is moving as a 
whole in respect of all other bodies (kinetic energy) and on its position in respect 
of all other bodies (potential energy), is not included in the concept of the internal 
energy. 

The kinetic and potential energy of a body constitute the total mechanical 
energy of this body (or system of bodies). 

The aggregate of all the forms of energy available in the system under consi¬ 
deration, minus the total mechanical energy, is called the internal energy. 

Every form of energy is a function of the state of a body. Thus, for instance, 
mechanical energy (kinetic and potential) is a function of the speeds of a system 
and its coordinates, i.e., external parameters. 

Similarly, the internal energy is a function of the temperature and so on, 
the parameters of the system determining its internal state. 

In any state, a body has only one meaning of energy, e.g., energy is the func¬ 
tion of the state that can bo interpreted only in one way. This immediately follows 
from the law of the conservation of energy. 

A change in the energy does not depend on the process of the body’s transition 
from one state into another. It depends only on the initial and the final state of 
the body and is always characteristic of all forms of energy. Hence, the methodo¬ 
logy of study of the concept of energy is concerned with this basic task: to clarify 
to the pupils the fact that when a body is acted on, its state changes and conse¬ 
quently, does its energy. The gain and the loss in the energy are connected with the 
change in the state in such a way that when the body returns to its initial state its 
energy takes on its initial value. It is in this way that one will regard energy as a 
fungtion of the state that can be interpreted only in one way. 
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Iq the light of the molecular kinetic theory, internal energy is made up of 
many components. However, for most processes and phenomena we aie interested 
not in the total amount of the body’s internal energy but only to the extent of the 
change in the internal energy when the body moves from one state to another. In 
thermal phenomenon taking place at temperatures of the medium range (which are 
treated in the school course), a change in the internal energy of a body is due to the 
change either in the kinetic or potential or both these energies of the molecules of 
this body. The other components of the internal energy do not change. Thus if we 
represent the internal energy of the body in one state as and the kinetic and 
potential energies as and E‘ respectively, while all the other forms of the energy 
as E, we shall have the following equations for any two states : 

U‘=E;+E;-fE 

U’“Ek +Ep +E 

Hence, U=U“ -Ui-(E;-E;)+(E“-E;)=^Ek+Ep 

Consequently while discussing the meaning of internal energy during the 
study of thermal phenomenon in this course of physics, we can, without making 
mistakes, the change in the internal energy of a body as the change only in the kinetic 
and potential energies of the molecules of the body. 

B. The concept of the ‘quantity of heat’ 

Even today in some secondary school and higher school textbooks and some 
times during process of teaching, the terms “heat” and the “quantity of heat” are 
wrongly associated with the concept of “stored heat” content in the body. 

What is the concept of “quantity of heat” in modern physics ? The concept 
of “quantity of heat” is included in the formula of the first law of thermodynamics. 
On the body whose properties remain unchanged we say: the state of the body 
does not change. Conversely, when some property of a body changes, its state 
undergoes a change. The state of a body can be changed if some work is performed 
on it However, the same result can be achieved in a non-mechanical way. Water 
is heated both when it is intensively stirred up and when we heat it with a gas burner. 

The internal energy of a body can undergo a change in only two possible 
ways, i.e., when work is performed or when heat exchange takes place. Work 
is a macrophysical process of changing energy. During this process a macro¬ 
scopic displacement of the body takes place under the impact of the force applied 
to It. Like work, heat exchange is a form of energy transfer. However, heat 
exchange takes place without any macroscopic displacement and is a result of some 
elementary process occurring in the world of molecules and atoms. Such macro¬ 
processes always take place in great numbers in any subgtangp, Hgat exchange is 
q rqacrophysical form of energy transfer, 
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Heat exchange essentially is work too, but it is a sum of the great num¬ 
ber of ‘micro work’ piocesses in respect of individual molecules. Thus when 
a hot and a cold body are placed in contact, the fast moving molecules of the former 
body collide with the slowly moving molecules of the latter body. During this 
process work is performed which results in a decrease in the kinetic energy of the 
first body’s molecules while the kinetic energy of the molecules of the second body 
increases. Consequently, heat exchange is a concept close to the concept of woik. 

Quantitatively, the macro-physical process of energy-change is characterised 
by the amount of work, while those of the micro-physical process of energy change 
(heat exchange) by the quantity of heat In the most general way, by exchanging 
energy with surrounding medium or other bodies, the system in question can re¬ 
ceive or give out same quantity heat Q. Here, it can perform work W, or work W 
can be performed on it. The quantity of heat exchange and work are the two forms 
in which the body’s energy may be transferred to the surrounding medium oi vice 
versa (the energy of the medium may be transferred to the body). To express 
the first principle of thermodynamics in the form of an equation, it is necessary 
to come to an agreement on the choice of the signs for the quantity of heat and work. 
We shall assume that the quantity of heat is positive when it is transferred to a 
system while work will be regarded as positive when a body performs it against 
some external force. Then the first principle of thermodynamics may be represented 
as follows ; 


Q=du-1-W. 

i.e., the quantity of heat supplied to the body, Q, is spent in changing the 
internal energy, du, and on the work, W, performed by the body. It will be seen 
from this law in mathematical form that the parts played by heat exchange and 
mechanical work are identical. In accordance with what was stated above, the 
quantity of heat should be regarded as a quantity similar to that of the work. So, 
the quantity of heat is a measure of the change in the body’s internal energy in the 
thermal process. Both the amount of work and the quantity of heat are characteristic 
of the process of energy-change of a body. We also know that the energy of a 
body does not depend upon the process of change of energy in the body, therefore, 
the amount of work and quantity of heat are not energies. In teaching thermal 
phenomenon, it is necessary to show veiy clearly the distinction between the concept 
of energy on the one hand and the concepts of amount of work and the quantity 
of heat on the other. 

IV. Methods of presentation of the points of the chapter that are most difficult 
for pupil^s understanding. 

To overcome the difficulties arising from the necessity to help pupils to form 
many complex an4 qbstrqct concepts of this chapter, it is necessary to use most 
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widely deraonstiational and laboratory experiments, solving qualitative and experi¬ 
mental problems and discussing examples from eveiyday life, natuie and technology. 
All this will help to avoid a formal and dogmatic approach to the study of the 
mateiial and pieparc pupils for the study of the subsequent chaptcis. 

A. Heating of Bodies 

Tilts question was discussed in chapter “Simple thermal phenomenon”. 
The study of the chapter “heat and work” also begins with the discussion of the 
heating of bodies. But heie it is studied moie ptofoundly. Heie we must discuss 
the heating of bodies, taking place not only during heal exchange but also when 
mechanical work is done against fiiction and when one body hits anothei In 
order to associate the concepts of quantity of heat and amount of mechanical woik, 
it is necessary to treat the instance when bodies are heated both as a result of heat 
exchange and performance of mechanical work. Then it is necessary to proceed to 
the demonstration of expeiimental heating of bodies by these two methods, namely, 
heat exchange and mechanical woik. To avoid distraction of pupils’ attention by 
some outside happenings the demonstiations must be veiy simple in airangemeut 
and unsophisticated in content. Thus the following demonstiations may be recom¬ 
mended. 

1. Heating dae to heat exchange with the help of thermoscopc—A stand 
is placed on the demonstration table with a thermoscope fixed. Toucliing the 
thermosoope by hand, the teacher shows the displacement of the coloured 
water in the manometer tube. The phenomenon is explained by the fact that 
air expands when heated. In this case, the body (air) is heated due to its contact 
with another body having the higher temperature (i.e., through heat exchange). 

2. The heating of a body when mechanical work is done against friction— The 
tube of manometer is filled with coloured water, A hollow metallic container 
with an outlet tube connected to a manometer is fixed on a stand when the con¬ 
tainer is rubbed with a woollen cloth piece, a change in the level of the liquid m the 
limbs of the manometer is observed. Tire effect is accounted for by the expansion 
of the air in the container, when it is heated as a result of performing mechanical 
work against friction. 

3. The heating of a body when mechanical work is performed by striking— Place 
a small piece of copper on the anvil. Then strike the copper piece quickly with a 
hammer (8—10 times) and quickly place it on the container of the previous 
demonstration. 

4. The heating of a body when mechanical work is performed by compressing 
the air— Take the device in winch compressed aii is used for kindling fire (see 
picture in the textbook). Show that when the air is compressed quickly, it 
becomes so hot that the other vapours contained inside the cylinder ignite. This 
ex|)eriment proves' that air is heated when compressed quickly. 
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These or similar experiments help the teacher to conclude that bodies can 
be heated by the following two methods; by heat exchange (when bodies have 
different temperatures) and on account of mechanical woik perfoimed (against 
friction, or as a result of impact, compression etc.). 

In addition to this conclusion the teacher may explain m a simple way com¬ 
mon features of heat exchange and mechanical work on the basis of the molecular 
kinetic theory. Pupils have already learnt that every body (the air, a piece of copper, 
ether) consists of molecules. The molecules of any body are in constant thermal 
motion. The heating of bodies due to heat exchange or mechanical woik, is caused 
by the increase in the speed of the thermal motion of the molecules of the given 
bodies and consequently the rise in the temperature of the body. 

B. Internal Energy 

The intioduction of the concept of the internal energy of a body is possible 
in two ways. Proceeding from what pupils know about the body’s mechanical 
energy (kinetic and potential) and from what they know about the fundamentals of 
the molecular kinetic theory, the teacher, as the basis of analogy, can give the defini¬ 
tion of internal energy as the energy of the motion of, and the interaction between, 
the molecules of a body. This is rather a foimal way of explanation, because the 
7th grade pupils are not completely convinced of the existence of internal energy 
as the energy depending on the internal state of the body The another way consists 
in proving experimentally the existence of a new form of energy which differs from 
mechanical energy (kinetic or potential), before introducing the concept of internal 
energy. We prefer the second way in the course of 7th class physics. 

The sequence introducing the concept of internal energy should be as follows; 

1. The specific features of mechanical energy (kinetic and potential). 

2. Experiments showing another form of energy apart from mechanical 
energy. 

3. The definition of internal energy. 

4. Work and heat exchange as processes causing a change in the amount 
of the internal energy of a body. 

5. The quantity heat as the measure of changes in the body’s internal energy 
during heat exchange. 

Pupils should be reminded of the following on mechanical energy : 

The work peiformed to raise a body causes an increase in its potential energy. 
However, no internal change takes place in the body except foi a change in its 
position in respect of other bodies. This process is called a pine mechanical process 
(neglecting the resistance due to air). When work is done to increase the speed 
of a body along a horizontal plane and if the friction is so small that it can be neg¬ 
lected, there will be an increase in the body’s hnetic energy. In this case too, no 
internal change in the state of the body takes place. It is only the relative speed of 
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the body that changes. Consequently one may say that in entuely mechanical pio- 
cesses the mechanical work done on a body (neglecting Tnction and resistance) 
causes an increase in its mechanical energy (potential and kinetic) without causing 
any internal change. 

Apart from these entirely mechanical processes, examples can be cited when 
the mechanical work done is not accompanied by change either in the body’s poten¬ 
tial or kinetic energy. The following examples can be given The uniform motion 
of a body along a horizontal surface. In this case, the work performed on the body 
does not increase either the body’s potential energy (the body is moving along the 
same horizontal surface) or its kinetic energy. Consequently, the body’s total 
mechanical energy in this case remains constant. The following conclusion can 
be drawn. In those cases when work is performed against friction and resistance, 
a change in the body’s internal state invariably takes place, it is heated. After 
that we should explain that when the body’s internal state changes, a change in its 
energy takes place. Since this change does not occur in the mechanical energy of 
the body, so it must be a change in the energy of another form which depends on the 
body’s internal state. 

To prove the existence of this another form of energy, we shall put the same 
argument which was used to help the introduction of the concepts of kinetic and 
potential energy. We have said that a body has a stored energy if it is capable of 
performing mechanical work, i.e , the concept of the ability of bodies to perform work 
was associated with the amount of energy. Making use of this definition and the 
demonstrations used for the formation of the concept of the two forms of mechanical 
energy, we can prove the existence of this new form of energy with the help of a 
simple demonstration. 

Experiment 1 

A test tube made of metal is fixed in a centrifugal machine. Let us pour a little 
of the ether into the test tube and cork it. Pressing the test tube with the help of 
special wooden blocks let us set the test tube in rotation. By doing so the cork 
will be thrown out of the test tube (see picture in the textbook). It means that the 
energy of the ether and its vapour has increased since work is done in throwing 
out the cork. Let us analyse the cause of this increase in the energy of the ether 
and its vapour. At a constant speed of rotation of the test tube, the kinetic energy 
does not change. Again the level of the liquid may also be considered approximate¬ 
ly constant, hence there is no change in the potential energy So the total mechanical 
energy of the ether and its vapour has not changed. Hence, the change in 
energy of the ether and its vapour must be due to the change in another form of 
energy. Before the test tube was set in rotation, the ether vapour could not do this 
work but after some rotation the ether vapours could perform mechanical work. 
It rq^aqs tliqt after rotatioq the ether vapours possess energy greater than the energy 



HEAT AND WORK 


155 


before rotation. Hence, work against friction has not increased the mechanical 
energy of ether but has increased the energy of another form depending on the 
internal state. In other words, ether was heated during rotation and the vapours 
formed performed the work necessaiy to throw out the cork. 

Thus proceeding from experiment 1, it is possible to establish the fact of the 
existence of energy depending on the body’s internal state as well as the ways of 
increasing the amount of this energy Experiment 2 also helps to show the exis¬ 
tence of the same form of energy. 

Experiment 2 

Let us pump air into a thick-walled corked glass vessel in which there is a 
little water (see picture in the textbook). The vessel contains water vapour besides 
the air. When the pressure of air in the vessel is increased, the cork is thrown out, 
and simultaneously the vessel is full of mist. The mist is formed from water vapour 
when its temperature decreases. Pupils are not aware of this process; therefore, 
it can be explained by reminding them of the well-known phenomenon of foimation 
of dew in nature. 

Pupils know that in winter dew is formed on the tree leaves and grass in the 
morning. The formation of the dew in nature is the same as in this experiment. 

Atmospheric air always contains water vapour and when the temperature 
decreases the vapour turns into the tiny drops of water depositing on various objects. 
Thus returning to the experiment, attention should be drawn to the following two 
facts. The mixture of air and water vapour has performed some work to throw 
out the cork. Consequently this mixture has a certain amount of energy depending 
on its internal state. On the other hand after the cork had been thrown away, 
the temperature of the mixture decreased. If the vessel is corked again and air is 
again pumped into the vessel, the mist will disappear. Consequently as a result 
of performing work on the mixture of air and water vapour the amount of its energy 
increased again which led to an increase in the temperature which causes the tiny 
drops of water again to turn into vapour. As in experiment 1, the amount of total 
mechanical energy of the mixture of air and water vapour remains constant. 

Proceeding from these two experiments the concept of the body’s internal 
energy may be introduced, namely, by the body’s internal energy we mean the energy 
depending on its internal state. Then the teacher may pass over to explaining 
what internal energy means in the light of the molecular kinetic theory. 

From the fundamentals of the molecular kinetic theory pupils know that 
all bodies consist of molecules which are in constant motion. Like moving body 
having kinetic energy (mechanical), moving molecule has kinetic energy too. The 
kinetic energy of one molecule is of course very small but the total kinetic energy of 
th® huge number of molecules of a body is coqsidorabk. 
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As in the case of potential energy (mechanical), which is possessed by 
different pails of the same body (foi instance, a compressed spring), there is 
interaction between individual molecules in any body. Consequently, the molecules 
of a body have same potential energy 

Hence in the light of the molecular kinetic theoiy the iiiteinal cneigy of a body 
consists basically of the kinetic and potential energies of these molecules. Pupils’ 
attention should be drawn to the fact that the amount of the internal energy of a body 
does not depend on the amount of the mechanical energy of the body as a whole, 
since the amount of the internal energy of a body at a relative rest and in motion, 
will be one and the same quantity or in other words, the internal energy of a body 
does not change in quantity if the body is on the earth’s surface or is raised to 
some height above the earth’s surface, i e, it does not depend on the potential 
energy of the body as a whole (on mechanical potential energy). 

Finally, the last point to be discussed is on factors by which the change in 
the internal energy of a body depends. 

Pupils have already learnt that a change in the tcmperatiiie of the body de¬ 
pends on a change in the speed of the molecules of the body, e.g., a use in the tem¬ 
perature of the body is caused by the increase in the speed of the molecular motion, 
while a decrease in the temperature ts due to the decrease in the speed of the mole¬ 
cular motion. Hence it follows that with an increase in the temperature of a body 
its internal energy increases, for the greater the speed of the moleculai motion the 
larger the amount of the kinetic energy possessed by its molecules and, consequently, 
the larger the amount of internal energy. 

Conversely, with a decrease in the temperature, the speed of the molecular 
motion decreases and consequently there is a decrease in the molecular kinetic 
energy, e.g,, the amount of the internal energy of the body decreases. 

Thus to achieve an increase in the internal energy of the body, it is necessary 
to heat it. On the other hand pupils know that a body can be heated by two 
methods: by performing work as a body or through heat exchange. Hence it follows 
that the internal energy of a body can undergo a change by pcrfoiming work as 
well as by heat transfer. Now we can give a scientific definition of the quantity of 
heat. 

The change (increase or decrease) in the internal energy of a body duiing heat 
exchange is called the quantity of heat. 

The remaining topics, namely, the concept of heat units, specific heat, cal¬ 
culation of the quantity of heat, the energy of a fuel, etc., can be easily explained to 
pupils. However, this can be achieved only by showing demonstrations apd 
systematically solving problems on each of these topics. 

Belovy are the problems of different types, 
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PROBLEMS ON THE TOPIC 

I. Measuring the Quantity of Heat 

1. A thermos whose capacity is 3 litres is filled with boiling water. Aftei 
24 hours the temperature of the water in the thermos became 70°C. Find the loss 
of the quantity of heat daring that period. 

2. What quantity of heat is needed to heat 1 kg of water from 10°C to 11°C ? 

^ 3. A brass cylinder whose mass is 15 kg was heated from 15°C to 75°C. What 

quantity of heat was needed ? 

4. What quantity of heat is released by cooling a hot buck stove of mass of 
350 kg by 40°C ? 

5. What quantity of heat is needed to increase the tempei ature of water in 
a swimming pool from 13°C to 25°C? The length of the pool is 100 metres, width 
6 metres and the depth 2 metres. 

6. What quantity of heat is needed to increase the temperature of a copper 
block from 20°C to 100°C (the size of the block is 10 x 5 x 2 cm) ? 

7. What amount of heat is needed to warm up the air in a loom of 60 cubic 
metres from 10°C to 20°C ? 

8. 50 g of water at 80°C was poured into a vessel containing 150 g of 
water at 60°C. Find the temperature of the mixture ? 

9. How many calories are equivalent to 2135 kg wt m ? 

10. How many kg wt m are equivalent to 6 kilo calories ? 

11. How many calories are equivalent to one kg wt m of work ? 

12. Express 10 kilo calories as joules. 

13. A steel drill of 100 g was heated from 15°Cto 150°C while doing work. 
What amount of mechanical work done by the motor was used up to heat the 
drill ? 

II. Heat of combustion of the fuel 

Thermal Efficiency 

1. 2700 kilo calories were released when 3 kg of gun powder was burnt. 
Find the heat of combustion of the powder. 

2. How many kilo calories are released when 15 kg of charcoal are 
burnt ? 

3. What would be the difference between the quantities of heat released by 
burning 2 kg of petrol and 2 kg of dry fire-wood ? 

4. How much diesel oil is required to be burnt to release 42,000 kilo caloiies 7 

5. By how many degrees will 100 litres of water be heated by burning 
0.5 kg of charcoal assuming that all the heat goes to heat the water ? 

6 Find the thermal efficiency of the boiler if foi heating 6 litres of water 
from 25°C to 100°C, 0.12 kg of charcoal is needed. 
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7. What is the thermal efficiency of a primus stove if 40 ml of kerosene 
were needed to heat 2 litres of water from 12°C to boiling point (100°C) ? 

8. 43 1 kilograms of coal weie burnt in a melting furnace to heat 300 kilo¬ 
grams of copper from 13°C to 1083“C. Find the theimal efficiency of the furnace. 

9. What amount of water will be heated to its boiling point by burning 
0.5 kg of wood whose heat of combustion is 3000 kilo caloiies per kilogram 
if the thermal efficiency of the boiler is 30% 7 The initial temperature of the water 
is 20°C. 

10. The tank of a primus stove, whose thermal efficiency is 40 per cent, con¬ 
tains 625 ml of kerosene. What amount of water can be heated to boiling if all 
the kerosene is burnt ? The initial temperature of the water is 20'’C. 

THE TOPICAL PLAN 


No. 

of 

Lesson 

Date 

of 

Lesson 

Topic of Lesson 

Method 

of 

work 

Demons¬ 

tration 

Home 

woik 

1 

2 

3 

4 

5 

6 


1 Bodies are heated when mechani¬ 

cal work is performed. 

2. Similarity of heat exchange and 

mechanical work. 

3. Peculiarities of the body’s mecha¬ 

nical energy (kinetic and poten¬ 
tial) neglecting friction and resis¬ 
tance. 

4. Substantiation of the existence of 

a form of energy other than 
mechanical energy. 

5. The internal energy of the body, 

6. Work and heat exchange as pro¬ 

cesses causing changes in the 
body’s internal energy. 

7. Quantity of heat as a measure of 

the change in the body’s inter¬ 
nal energy during heat exchange. 

8. Specific heat of the substance. 

9 . Calculation of the amount of heat 

required for heating. 

10. Solving problems on calculation 

of the amount of heat. 
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1 2 

3 

4 

5 

6 

11. 

Laboiatory work comparing the 





quantities of heat (lost and 
gained) by hot and cold water. 




12. 

Solving problems on specific heat. 




13. 

Heat of combustion of fuel. 




14. 

Thermal efficiency of the heater. 




15. 

Solving problems on thermal 





efficiency of the heater. 




16. 

Laboiatory work. Finding the 





thermal efficiency of a spirit 
burner. 




17. 

Relationship between units of 





work, and the quantity of heat. 




18. 

Solving problems. 




19. 

The law of transformation and 
conservation of energy. 

The sun is the main source of 





energy on the earth. 




20. 

Revision of the whole chapter. 




21. 

Written test on the chapter. 





The Detailed Plans of the Lessons 

Lesson No. 1 

Topic : Bodies are heated when mechanical work is performed. 

Aim; To clarify to pupds that the heating of bodies can be obtained by doing 
mechanical work on the body. 

Plan of presentation of the new material; 

1. Introduction : 

The importance and significance for technology in everyday life of this 
sub-topic. 

2. The heating of bodies during heat exchange. 

3. The heating of bodies when mechanical work is performed against 
friction (demonstration). 

4. The heating of bodies by impact (demonstration). 

5. Retention, 

(a) During which processes is it possible to heat bodies ? 

(b) Give examples of the heating of bodies when mechanical work is per¬ 
formed against friction. 

(c) Give examples of the heating of bodies when work is performed due to 
impact. 

6. Home task. 
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Lesson No. 2 

Topic ; The sirailarity of heat exchange and mechanical work. 

Aim : To show that the piocess of heating can be achieved thiongh two piocesscs. 

I. Questions to Pupils : 

(a) By what means can bodies be heated ? 

(b) Give instances of the heating of bodies when work is perfoimed 
against faction, 

(c) Give instances of the heating of bodies due to impact. 

(d) Give the basic points of the moleoular kinetic theory. 

II. Presentation of the new material • 

(a) The heating of bodies when work is performed to compress the air 
(demonstration). 

(b) The heating of ether by heat exchange and meclianical work peifoimed 
against friction (demonstration). 

III. Home task. 


Lesson No. 3 

Topic : Pure mechanical processes. 

Aim : To clarify to pupils that purely mechanical energy does not influence the 
internal state of a body, 

I. Questions to Pupils : 

1. What determines the thermal state of a body 7 

2. What do you mean by the energy of a body ? 

3. What two forms of mechanical energy you know ? 

4. What is the similarity between heat exchange and mechanical woik 7 

5. In what cases are bodies heated when mechanical work is performed 7 

II. Presentation of the new material : 

1. A body has energy if it is capable of peiforming mechanical work. 

2. The work done to raise a body to some height is spent in giving to it some 
amount of potential energy. During this process, no internal change takes place 
in the body (neglecting the forces of friction). 

3. The woik performed to speed up a body along a horixoiital surface is 
spent in giving to it some amount of kinetic energy without any internal change 
in the body neglecting the force of friction. 

4. In purely mechanical process the work performed on a body leads to an 
increase in the mechanical energy (potential and kinetic) without causing any 
internal change. 

5. By the internal state of a body we mean the parameteis characteristic of 
the inteinal state, for instance, the temperature of the body. 
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III. Retention : 

1. What processes are called purely mechanical? 

2. On what is the work performed on a body spent, if resistance and friction 
are negligible ? 

3. What happens to the amount of mechanical energy if the body performs 
mechanical work (in purely mechanical processes). 

4. What happens to the amount of the mechanical energy of a body if work 
is performed on it. 

IV. Home Task. 


Lesson No. 4 

Topic : Substantiation of the existence of a form of energy other than mechanical 
energy. 

Aim ; To clarify to pupils that work performed on a body does not always lead 
to an increase in mechanical enei gy. 

I Questions to pupils : 

1. When does a body possess energy ? 

2. What two forms of mechanical energy do you know ? 

3. What processes are called purely mechanical ? 

4. On what is spent the work performed on a body (neglecting friction and 
resistance) ? 

5. How is it possible to find out that body possesses mechanical energy ? 

6. What are the basic points of the molecular kinetic theoiy ? 

H. Presentation of the new material : 

1. Analysis of the examples when work performed is not accompanied by 
a change in the potential or kinetic eneigy of the body (uniform motion of the block 
along a horizontal surface, uniform motion of the cutter of a lathe machine, etc.). 

2. The work performed on a body against friction, or resistance is always 
accompanied by a change in the internal state of the body by heating it. 

3. Changes in the interna] state of the body are associated with changes in 
the amount of energy that depends on the internal state. 

4. Recognition of energy other than mechanical energy : 

(a) Demonstration of the heating of metal test tube on account of work 
done against friction. 

(h) Demonstration of the throwing out of the cork from the vessel filled 
with a little water when air is pumped into it. 

(c) Ignition of ethei when the air is heated by compressing the cylinder, 

5. Conclusions from all these demonstrations, 

III. Home Task. 
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Lesson No. 5 

Topic : Internal energy. 

Aim : To clarify to pupils the concept of internal energy. 

I. Q iestions to pupils : 

1. In which cases the work performed on a body do not lead to an increase 
in the mechanical energy 7 

2 What happens with the body’s internal state when mechanical work is 
performed against friction and lesistancc ? 

3 Explain the experiment with the metal test tube containing some ether. 

4. Explain the expeiinient of pumping the air into a laige vessel containing 
some water. 

5. Explain the experiment of heating the air by compiessing it in a cylinder. 

II. Presentation of new material : 

1. Internal energy is the energy which depends on the internal state of the body. 

2. Explanation of the molecular kinetic idea of internal energy. 

(а) Molecules possess kinetic energy because they are in constant motion. 

(б) Molecules possess potential energy because there is inteiaction between 

them. 

(c) Basically the body’s internal energy consists of kinetic and potential 
energy of the body’s molecules. 

3. The amount of the body’s internal energy does not depend on the body’s 
mechanical energy. 

m. Home Task. 


Lesson No. 6 

Topic : Work and heat exchange as processes causing a change in internal energy 
Aim : To clarify to pupils that a change in the amount of the body’s internal 
energy can be achieved through two processes : work or heat exchange. 

I. Questions to pupils : 

1. Basic points of the molecular kinetic theory. 

2. What does the temperature of a body depend on ? 

3. In which two forms does mechanical energy exist. 

4. Through which two processing is it possible to heat bodies ? 

5. In which cases, does the work performed on a body cause the heating 
of the body. 

6. In which cases, does the woik pcrfoimed not cause the heating of the 

body. 

7. What units of mechanical work do you know ? 

II. Presentation of new material : 

1. The speed of the process of diffusion depends on the temperature. The 
higher the temperature the faster the process of diffusion, 
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2. When a body is heated the speed of the molecular motion increases. On 
the other hand, when the body is cooled the speed of the molecular motion de¬ 
creases. 

3. The amount of the body’s kinetic energy depends on its mass and speed. 

4. The amount of the molecular kinetic energy of the same body depends 
only on the speed of its molecules. 

5. The amount of the body’s internal energy can be changed by changing its 
temperature. 

6. Increase in the amount of internal energy of a body by increasing the 
temperature of the body is achieved— 

(a) by performing mechanical work on the body, 

(b) by heat exchange. 

7. Deciease in the amount of internal energy of a body by decreasing the 
temperature of the body is achieved— 

(a) by letting the body perform same work. 

(b) by heat exchange, 
m. Retention : 

Solving qualitative problems on internal energy of the body. 

IV. Home Task : 


Lesson No. 7 

Topic : The quantity of heat as a measure of the change in the internal energy of 
the body during heat exchange. 

Aim ; To explain to pupils the concept of the quantity of heat. 

I. Questions to pupils : 

1. What is the internal encigy of a body ? 

2. In what way does the internal energy of the body depend on its tempera¬ 
ture ? 

3. What happens to the temperature of the body if it performs work at the 
expense of its internal energy ? 

4. Why does the internal energy of the body increase when the body is 
heated ? 

5. What formula do wo use to calculate the amount of mechanical work? 

6. What different units of mechanical work do you know ? 

II. Presentation of new material: 

1. Dependence of the quantity of heat on the mass of the heated body. 

2. Dependence of the quantity of heat on the difference of the imtial an(I 
final temperatures of the heated body. 
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3. The unit of the quantity of heat 

4. The formula for the calculation of the quantity of heat required to heat 
some water : 

lU. Retention : 

Solving pioblems of calculating the quantity of heat lequired to heat 
some water. 

IV. Home Task. 


Lesson No. 8 


Topic : Specific heat of substance. 

Aim : To explain to pupils the physical meaning of the specific heat of a substance. 

I. Questions to pupils ‘ 

1. On what quantities does the amount of heat required for heating some 
water depend ? 

2. What units of the quantity of heat do you know ? 

3. What is 1 calorie ? 

4. What is 1 kilo calories ? 

5. By what formula is it possible to calculate the quantity of heat required 
to heat some water ? 

q==m(rS-tf) 

6 . By what formula is it possible to calculate the quantity of heat released 
by some water 7 




H. Presentation of new material : 

1. Is it possible to calculate the quantity of heat required to heat some subs¬ 
tance with the help of the formula 5 

2 Demonstration of heating equal amounts of different liquids which have 
the same initial temperature. 

3 To heat equal amounts of different substances by the same rise in tempera¬ 
ture, different quantities of heat are required. 

4. Introducing the concept of specific heat of a substance 

5. The double meaning of the concepts of specific heat of a substance : 

(a) The quantity of heat required to heal 1 g of substance by 1 degice 
Celsius. 

(b) The quantity of heat released by 1 g of substance when it cools by 1 C. 

6 The units in which the specific heat is measured. 

7, Table of specific heat of different substances, 
m. Horne Task- 
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Lesson No. 9 

Topic : Calculation of the quantity of heat. 

Aim : To teach pupils skills for calculating the quantity of heat needed foi heating. 

I. Questions to pupils : 

1. What is the specific heat of a substance ? 

2. What does the specific heat of a substance show ? 

3. In what units, is the specific heat of a substance measured ? 

4. What formula is used to calculate the quantity of heat needed to heat some 
water ? 

5. What IS the specific heat of water ? 

6 . What foi mula is used to calculate the quantity of heat released by a given 
amount of hot water? 

II. Presentation of new material: 

1. Use of the arithmetic methods in concrete problems to calculate the 
amounts of heat received by a body when it is heated. Example: Calculate the 
quantity of heat needed for heating 200 g of aluminium Irom 10 degree to 40 degree 
Celsius. 

2. Deriving the formula for the calculation of the quantity of heat needed 
to heat a body. 

q=sm{tl—tl) 

3. Deriving the formula for the calculation of the quantity of heat released 
by body. 

q=sm(tl—t2) 

in. Retention j 

Solving problems on calculating the quantity of heat. 

IV. Home Task. 


Lesson No. 10 

Topic : Solving problems on calculating the quantity of heat. 

Aim : To develop skills in solving problems. 

I. Questions to pupils ; 

1. What does the specific heat of a substance indicate ? 

2. In what units is the specific heat of a substance measured ? 

3. The formula for calculating the quantity of heat needed for heating the 

body. 

4. The formula for calculating the quantity of heat released by a body. 

5. What does the expression t^—t", indicate, 
n. Retention : 

Solving experimental problems:—(i) Demonstiation of the Tyndal apparatus, 
(ii) Solving qualitative and quantitative problems. 

III. Home Task. 
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Lesson No. 11 

Topic : Laboratoiy woik : Coinpaimg the quantity of heat by mixing hot and 
cold water. 

Aim : Acquuing skills by pupils in simple caloiieractuc measurements. 

I Introductory Talk : 

In this five to seven minutes brief talk, the teacher should explain the following 

points 

(i) The topic of the laboratoiy woik. 

(ii) The aim of the laboiatory work. 

(ill) The content of the experimental task. 

(zv) The requisite equipments. 

One laboratory set of equipments is on the demonstration table of the teacher, 
(fl) Calorimeter. 

(b) Cylindiical measuring glass. 

(c) Tliermometei. 

(d) Jar with cold water. 

(e) A jar with hot water. 

(v) Explanation of the techniques of measuring the tempeiature. 

(yi) The tabular form for recording results of the measurement (see 
textbook). 

(vii) Organising the work between groups of two or three students. 

After the teacher’s explanations, pupils write down the name of the laboratory 
work and the table for recording the results in a special note-book. 

Meanwhile pupils on duty distribute the sets of equipments arranged before¬ 
hand on each of the table. After that pupils start work while the teacher supervises 
the work of the individuals of a group, helping pupils if they face difficulties. Three 
minutes before the end of the lesson, the measurement should be finished, the appara¬ 
tus collected, and the note-book for laboratoiy work handed ovei to the teacher. 

Lesson No. 12 

Topic : Solving problems on the specific heat of a substance. 

Aim ; To acquire skills in solving problems of this type. 

1. What units of heat do you know ? 

2. What is the calorie ? 

3. What is the kilo calorie 7 

4. What is the specific heat of a substance ? 

5. In what units is the specific heat of a substance measuied ? 

6 . What formula is used to calculate the quantity of heat needed to heat a 
body ? 

7. What formula is used to calculate the quantity of heat released by a body 
when it cools ? 
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8 . If in a problem the mass of the heated body is given in Kg, in what units 
should one take the specific heat of the substance ? 

9. If in a problem, the mass of the heated body is given in grams, in what 
units must one take the specific heat of a substance ? 

10. Why does the numerical value for specific heat of the substance not 
change when it is represented in different units ? Thus, for instance, the specific 
heat of watei is ; 

g _ 1 Cal 0,09 kilocal 

Ig degree c 

S = 0.09 __ = 0.09 ___ 

g degree C Kgdegiee C 

II Retention : 

Solving problems : For this lesson, the teacher should select problems of 
different types (calculation, qualitative and experimental problems) to be solved in 
this lesson (see the problems suggested in this guide). 

HI. Home Task : 

The problems given in the textbook should be assigned to pupils 
Alote.—Clear understanding of the given formula by pupils is very impoitant, 
Therefore, solving problems with the help of formula should follow the arithmetic 
method. 

While solving problems (by using the formula) on the board one should stick 
to writing down the conditions given, the formula to be used and the solution in a 
brief form as indicated in the textbook. 

Lesson No. 13 

Topic ; The heat of combustion of fuel. 

Aim : To explain the concepts of the heat of combustion to the pupils 

I. Questions to pupils : 

Diflferent types of problems for calculating the quantity of heat during 
heating. 

II. Presentation of new material : 

1. Different types of fuel; 

2. Release of the quantity of heat when fuel is burnt; 

3. Elementary ideas of the cheraistiy of fuel combustion; 

4. Heat of combustion of a fuel; 

5. Familiarisation with the table of heat of combustion of diffeient fuels; 

6 . Units in which the heat of combustion of a fuel is measured; 

7. The total quantity of the heat released when fuel is burnt; 

q=Qm 

III. Retention : 

Solving problems on calculation of the amount of heat released when fuel 
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bums completely. 
IV. Home Task. 


Lesson No. 14 

Topic : Thermal elticicncy of a healer. 

Aim : To explain the concept of thermal efficiency of a heatei to the pupils. 

l. Questions to pupils : 

1. What is the heat of combustion of a fuel ? 

2. In what units is the heat released by burning a fuel measured ? 

3. What formula is used to calculate the heat released by a fuel when it burns 
up completely ? 

4. Solving problems by using the formula q=Qm. 

11. Presentation of new material : 

1. Examination of the process of heating water in a vessel by spirit lamp, 

2. The concept of useful heat. 

3. The concept of the total heat released by burning fuel. 

4. The concept of the thermal efficiency of the heater. 

.1 = an X 100% 
qi 

m. Home Task, 

Lesson No. 15 

Topic : Solving problems on thermal efficiency of the heater. 

Aim : To teach pupils skills in solving problems of this type. 

I. Questions to pupils : 

1. What is the useful quantity of heat ? 

2. How is the useful quantity of heat calculated ? 

3. What is the total quantity of heat ? 

4. How is the total quantity of heat released by burning a fuel calculated ? 

5. Why is the total quantity of heat always bigger than useful quantity in any 
type of heater ? 

6. Why does any type of thermal apparatus produce useful heat less than 
100 per cent 7 

7. In what units is the heat radiation of a heater measured ? 
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It. Retention : 

The calculation of Iheimal 
chaptei). 

ra=43.I kg of coal 
Tn=300 kg of copper 

=13°C 

=1083°C 

S =0.09 kilocal. 

kg degree C 


m. Home Task. 


efficiency (Refer to Problem 8 given in this 

qa =sm (ta°-ti°) 

=0 09 kilocal. X 300 kgx 
kg degree C 

(1083°—13°)C=28,890 kilocal. 
=8000 43.1kg 344,800 
kilocal. 

n=s.m.(t/-t\) 

=28,890 X100 per cent 
344,80^ 

=8.4 per cent. 


Lesson No. 16 

Topic ; Laboratory work : The calculation of the thermal efficiency of the spirit 
lamp. 

Aim ; To train pupils to acquire skills in calorimetric measurement. 

l. Introductory Talk: 

1. Name of the laboratory work. 

2. Aim of the laboratory work. 

3 Requisite equipments. 

4 Measurement procedure (with demonstration of the set of the apparatus). 

5. The methods of measurement (see the description of the work in the text¬ 
book). 

6. The table in which the measurement should be written. 

7. Distribution of the pre-arranged sets of the devices to the different groups 
of pupils. 

H. Performance of the work by pupils. 

m. Collection of pupils' laboratory work note-books. 
iV. Home Task. 


Lesson No. 17 

Topic : Relation between the units of the work and the units of quantity of heat. 
Aim : To explain to pupil the equivalence between the amount of mechanical work 
and quantity of heat. 
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I. Evaluation : 

1. What is the internal eneigy of a body? 

2 What is the similarity in the concepts of mechanical work and heat ex¬ 
change ? 

3. What are the processes thiough which a body can be heated'^ 

4. In what units is the quantity of heat measured"? 

5. In what units is the mechanical work measured? 

II. Presentation of new material ; 

1. What is the similarity between the mechanical work and the heat exchange 
(repetition of the demonstration of heating ether in test tube and the amount of 
the mechanical work performed). 

2. The idea of the Joule experiment in finding the correlations between the 
mechanical work performed to increase the internal energy of the body by the same 
amount as in heat exchange. 

3 When mechanical work of 427 kg wt m is performed on a body, the body 
may be heated to the same degree as in transferring one kilocalorie of heat in the 
process of heat exchange, i.e., 427 kg wt m work is equivalent to 1 kilocalorie of heat. 

4 When mechanical woik of 427 kg wt m is peifoimed on a body, the 
internal energy of the body increases by 1 kilocalorie or 4190 joules. 

III. Retention : Solving problems. 

IV. Home Task. 

Lesson No. 18 

Topic : Solving problems on correlation between the units of mechanical work and 
the units of quantity of heat. 

Aim ; To teach pupils skills in solving problems of this type 
I. Evaluation : 

1. How is it possible to change the internal energy of a body ? 

2. What is common between mechanical work and the quantity of heat? 

3. What units of mechanical work do you know? 

4. What units of the quantity of heat do you know ? 

5. What is the correlation between the kg wt m and kilocalorie"? 

6. What is the correlation between the joules and the kilocalorie ? 
n. Retention : 

Solving problems of correlations between the units of mechanical work and 
the quantity of heat. 

III. Home Task. 

Lesson No. 19 

Topic : Law of conservation and transformation of energy in mechanical and 
thermal processes. 



heat and work 


171 


Aim : To widen pupils’ ideas of the importance of the law of the conservation and 
transfoimation of energy. 

I. Presentation of the new material : 

I. Demonstiation of Maxwell’s pendulum 

2 Formulation of the law of the conservation and transformation of energy 
foi purely mechanical piocesses. 

3. Observing by experimenting with the Maxwell’s pendulum that there is a 
decrease in the magnitude of the total mechanical energy of the pendulum. 

4. What causes the increase in the total mechanical energy of the Maxwell’s 
pendulum. 

5. Consideration of examples when transfer of mechanical energy of the body 
into its internal energy is observed. 

6. Formulation of the law in the most general form. 

7. Consideration of the energy transformation on the earth caused by the 
action of the sun. 

n. Home Task. 


Lesson No. 20 

Topic : Revision of the entire topic. 

Aim : To prepare pupils for the test. 

I. Plan of revision of the teaching material: 

1. Methods of heating bodies. 

2. Common features of heat exchange and mechanical work. 

3. Units of measurement of mechanical work and the quantity of heat. 

4. Formula for calculation of mechanical work. 

5. Formula for calculation of the quantity of heat required to heat a body 
or released when a body cools. 

6 What is the specific heat of a substance ? 

7. The correlation between the units of work and the units of quantity of 

heat. 

8. Heat of combustion of fuel. 

9. Formula for calculation of the quantity of heat released in complete 
burning of a fuel. 

10. Thermal efficiency of a heater and the formula to calculate it. 

11. The law of conservation and transformation of energy. 

II. Retention : 

Solving problems of different types. 

HI. Home Task : 

To prepare for the test. 
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Lesson No. 21 

Topic : Test. 

Aim : To check how pupils have assimilated the basic concepts of the topic. 

For this lesson, the teacher should make up four variants of the test which 
should be of the same degree. Each variant should include three problems: 

1. To calculate the amount of heat required to heat a body (the amount of 
heat released when the body cools). 

2. The correlation between the units of mechanical work and the units of the 
quantity of heat. 

3. On the concept of internal energy. 



CHAPTER VI 


Transition of Substance from One Aggregate 
State into Another 


I. Significance of the chapter : 

This chapter winds up the study of thermal processes in the course of physics 
for Class VIL 

In this chapter further development of the important concept of the body’s 
internal energy takes place, the idea of the molecular kinetic theory is enlarged as 
well as the law of the conservation and transformation of energy are studied. While 
studying the transition of substance from one aggregate state into another students 
develop a graphic idea of the transformations and interrelation of natural pheno¬ 
mena. 

The material of the chapter is of great polyteclmical significance: it prepares 
pupils for understanding the important technological processes such as melting and 
crystallization of metals, preparation of various modern alloys and their technolo¬ 
gical applications, production of high temperature steam and its application in 
technology, etc. 

Important technological applications 

n. The contents of the chapter: 

1. Crystalline and amorphous bodies 

2. Melting and crystallization of crystalline substances. 

3. Heat of fusion and crystallization. 

4. Alloys and their applications. 

5. Evaporation. 

6. Boiling. The heat of vaporization and condensation. 

7. Dependence of boiling point on external pressure, 
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Laboratory work 

1. Observation of heating and melting of naphthalene. 

2. Observation of healing and boiling of walei 

in. Methodological analysis of some points of the chaplet 

Analysing this chapter wo coniine ouisclves to the methodological analysis 
alone because basic concepts aie intioduced in this chapter. Heie only further 
development of the already introduced concepts and laws takes place. 

1. In the introductory talk an elementary idea is given on the structure of the 
two types of solid bodies ; Ciystalline and amorphous. Attention is mostly focussed 
on crystalline substances which will be fuithei studied. Diuing this talk students 
should have on their tables samples of two types of substances. These can be small 
pieces of crystalline substances (salt, pig iron, mica) and amorphous bodies (rasin, 
wax, plasticine). 

If magnifying glasses aie available in the school these should be distiibiited 
among pupils for observing these samples. 

2. The process of melting of crystalline substances 

Discussion of the process of melting and its icgularities is based on the 
experiment of melting naphthalene. Observation of the melting pioccss is accom¬ 
panied by drawing the graph of melting temperature against time. The experiment 
shows that first the crystalline naphthalene is heated without undergoing any change 
in its aggregate state. 

When a certain temperature is reached, further increase in the temperature 
discontinues in spite of the continuation of the energy inflow to the naphthalene 
from the spirit lamp. After the entire crystalline body has melted, a further increase 
IS observed in the temperature of the liquid obtained fiom the solid substance. 

In this demonstration the liquid naphthalene should be heated to the tempera¬ 
ture of about 95‘’C. 

On the basis of this demonstration the teacher can introduce the concept 
of the melting point and draw pupils’ attention to the following characteristics 
of the melting process. 

1. Crystalline substances melt only at certain temperatures (at constant 
external pressure). 

2. Temperature lemains constant duiing the entiie process of melting. 

Attention should be drawn to the fact that dining thcpiocess of melting the 

mass of the crystalline napthalene gradually decreases whereas the mass of the 
liquid naphthalene increases. 

After discussing this experiment the teacher should explain the observed 
characteristics of the melting process. This experimental graph consists of three 
sections ; AB^heating crystalline naphthalene ; BC—melting of naphthalene; CD— 
heating of liquid naphthalene, 
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The teacher puts the following question to his pupils. Where does the energji 
released during the burning of spuit in the spirit lamp go at the section of the graph 
AB ? This energy is spent m heating ciystalline naphthalene from its initial tempe¬ 
rature (classroom temperature), to the melting point of naphthalene. What happens 
to the internal energy of the crystalline body in the section of the giaph AB ? This 
is the next question. 

The internal energy of crystalline naphthalene incieases. The teacher should 
ask these On what account does the internal eneigy of crystalline naphthalene 
increase in the section AB ? 

Pupils should be reminded that the body’s internal energy consists in mainly 
of the kinetic and potential energies of the molecules of the given body. Since 
in the section AB the temperature of naphthalene rises, consequently the average 
speed of the thermal motion of molecules increases leading to the increase in the 
energy of the molecules Thus the increase in the internal energy of crystalline 
naphthalene in the section AB takes place on account of the inci ease in the kinetic 
energy of its molecules. 

After this the fourth question can be put as. To what extent has the internal 
energy of crystalline naphthalene increased in the section AB ? 

Pupils already know that the quantity of heat required to heat a body is 
calculated by the following formula : 

Q=sXm(tVt"i) 

Consequently, we may say that the internal energy of crystalline naphthalene 
increases by q^ calories. 

Now the teacher should take up the analysis of the second section BC 
of the graph which is very difficult for the pupils. 

The first question to pupils will be : In spite of the heat supplied by spiiit 
lamp why temperature of naphthalene in this state (corresponding to the section 
BC) does not increase ? 

To help pupils to give the correct answer they should be told that in the 
section BC the mass of crystalline naphthalene decreased with time whereas the 
mass of liquid naphthalene increases. 

The temperature in this section BC remains constant because the energy 
obtained from the spirit lamp docs not inciease the speed of the molecular motion 
and consequently there is no inciease in the kinetic energy of the naphthalene 
molecules. 

Question No. 2 : Where does the energy released due to the burning of spirit 
in the section BC of the graph go ? 

This energy is spent in the breaking of the crystalline lattice of naphthalene 
the process of melting crystalline (to overcome the alternative forces between the 
molecules in the crystalline state) 

Thus the process of melting a crystalline substance is accompanied by absorp¬ 
tion of the energy released during the burning of spirit ip the spirit lamp. During 
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this process the temperature of the melting substance does not increase, consequently 
the energy absorbed by the substance is not spent in increasing the kinetic energy of 
the molecules. 

Hence it follows that the energy wliich is being absorbed is spent in increasing 
the potential eneigy of the molecules. In fact duiing the process of melting the 
forces of moleculai attraction dimmish, the distances between molecules increase 
too, and consequently the potential energy of the molecules increases Now we 
may draw the following conclusions. Bodies with a crystalline stiuctuie on reaching 
the melting temperature begin to melt if an inflow of energy takes place This 
energy is spent in incieasing the internal energy of the melting body on account of 
the increase in the potential energy of its molecules. 

The following question seems very natural after these considerations. In 
what way is it possible to calculate the quantity of heat lequircd for melting a crys¬ 
talline body at its melting temperatureFor this purpose the teacher introduces 
the concept of heat of fusion of a crystal as the quantity of heat required for the trans¬ 
formation of one giam of a ciystalline substance, at its melting point, into liquid 
without any change of temperature It is possible to say as far as energy is con¬ 
cerned that the heat of fusion of a substance shows to what extent the internal energy 
of one gram of liquid substance exceeds the internal energy of one gram of the 
same substance in the ciystalline state provided the temperature remains constant 
i e. equal to its melting point. For instance, heat of fusion of ice is 80 cal/g. This 
means that one gram of ice at 0°C has less internal energy than one gram of water 
at same temperature and this difference of energy is equal to 80 calories. Heat of 
fusion can be measured in calorie per gram or kilo caloric per kilogram i.e. 
kilocal 

cal/g or 

By using inductive method it is easy to piovide pupils with the formula for 
calculation of the quantity of heat required for melting any crystalline substance 
at its melting point. 

Suppose it is necessary to melt a piece of ice of mass, m gram at the melting 
point, i.e., 0°C. How the required quantity of heat can be calculated 

In the table available in the textbook the pupils find that the heat of fusion 
of ice is 80 cal/g. 

This means that to melt one gram of ice at 0°C it should receive 80 calories 
of heat. To melt 2 grams of ice we need 80 calories x 2, to melt 3 giams of ice 
80 calories X 3 and finally to melt a piece of ice with a mass of m, we need 80 x m cal. 

Hence we obtain that q = 1 X m. 

Where 1 is the heat of fusion of a crystalline substance, m is the mass of the 
melting body and q is the quantity of heat required. 

Pupils’ attention should be drawn to the fact that while using this formula 
one should bear in mind that if the mass of the melting body is represented in 
kilogram the heat of fusion should be taken in kilocalories per kilogram. By 
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doing so, the quantity of heat q will be in kilocaloiies. 

If the mass of the body is given in grams then 1 is taken in calories per gram 
and q is repiesented in calories. 

Note : For a considerable period of time physics treated heat of fusion as 
latent heat of fusion. This was due to the fact that the real process associated 
with melting was not known and so it was called latent, since the eneigy absorbed 
by the body did not bring about an increase in the temperature of the melting sub¬ 
stance This outdated term—.latent heat of fusion as well as a number of other 
physical quantities aie still to be found in many textbooks. 

Finally let us consider the third section of the graph namely section CD 
The first question to be put to pupils is the following In what aggregate state is 
naphthalene in section CD? In this section naphthalene is only in one state, namely, 
it IS liquid. The second question will be how is the energy spent in the section 
CD ? The energy absorbed by naphthalene in this section is spent in heating 
liquid naphthalene fiom the melting point 1°^ C to a higher temperature t°j C. 

How can we calculate the quantity of heat spent in heating this liquid naph¬ 
thalene ? This is the next question It is possible by using the formula which the 
students aheady know: 

q=s.m (tj—tj), wheie S is specific heat of liquid naphthalene and m is the 
mass of the liquid naphthalene. 

Note : While solving problems, pupils’ attention should be drawn to the 
dependence of the specific heat of a substance on the aggregate state of the same 
substance. Thus, for instance the specific heat of water, as is known is equal to one, 
whereas the specific heat of solid water, i. e , ice is smaller. It equals 0.5 cal/degiee C. 

At last, in solving problems on melting we have to consider problems con¬ 
nected with calculation of the quantity of heat requited for melting a crystalline body 
taken at a temperature below its melting point, for instance, ice at the temper ature 
of —5°C. 

As IS seen from the above analysts of the giaph of the melting process, it is 
easy to solve this problem or other problems. In solving a problem the following 
analysis can be given. 

To melt a crystalline body taken at a temperature below its melting point 
it IS necessary to supply to it, the quantity of heat qj to heat it from its initial tem¬ 
perature t°i to its melting temperature tg and the quantity of heat q^ required to 
transform the crystalline substance into a liquid without changing the temper ature Iq. 

Thus the total amount of heat will be q=qi+qa 

where qi=s. m {t^ — t°) and q^=Lm 

q=m. s. (Iq— l°)-t-L. m 

Let us examine one particular problem. Calculate the quantity of heat 
required to transform 5 kilograms of ice taken at the temperature —2°C into water 
at the temperature of 40°C. In the first place it is necessary to convert the condi¬ 
tions of the problem from the original form into the form of conventional 
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abbreviated symbols : 
m=5 kg. 


r, - ^ ^ K-cal 

Sice= 0 5 —^- - 

Kg degree C 

lg= -2“C 

r?=0“C 

„ . Kcal 

S water = 1 ,-;-:= 

kg. degree C 

t^=40°C 

L=80^ 


^=? 1+?2 + ?3 

where is the quantity of heat re¬ 
quired to heat the ice from the initial 
temperature to its melting point, 
( 7 ^ = S ice X ’n (t"—tg), 
q 2 is the quantity of heat icquired for tha 
process of melting ice, without change 
in temperature, q 2 —L. m, and q^ is the 
quantity of heat required to heat the water 
obtained from the ice from the melting 
point to the temperatuie of 40“C. 
^ 3 = S water x w(< 2 — substituting in 
formula (1) we obtain: 


q=q2-\-q%-\-<Ii 

= Sica. m (t"—to) ^ water, m Ql—t") 

ice, m Oi—fS) 

=0,5 ^ X 5 kgX {0»-(-2'’)} 

kg. degree C 

ICcal , n 


~ X 5 kg X 2° 


• kg degree C ® 
=0.5X 5x2 Kcal=5 Kcal 


qa==L. m = 80 


kg. 

= 400 Kcal. 


X5 kg. 


93=S water, m 1 x 5 kg (40°-0'’) 


= _ X 5kgX40° 

kg. degree C 

= 1x5X40 Kcal=200Kcal 
q=5 Kcal+400 KcaH-200 Kcal 
q=605 Kcal. 

Tha study of the process of melting should result in acquiring by pupils 
skills in solving problems. It is important, therefore, that the teacher should (in 
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each lesson) train his pupils in solving problems available in the given teacheis’ 
guide and should include in the home task the solving of problems available in the 
exercise contained in the textbook. 

After observation of the melting process, the same arrangement may be used 
for demonstrating the characteristics of the reverse process of crystallization of 
liquid naphthalene. For this purpose, the spirit lamp is removed from the arrange¬ 
ment while the test tube containing liquid naphthalene is placed in a vessel of cold 
water. As in the process of melting here in this process, too, the temperatures 
should be recorded on the classboard aftei equal periods of time and a graph of 
temperature against times should be drawn. 

Pupils’ attention should be drawn to the following facts: 

1. Initially, a decrease in the temperature of liquid naphthalene to the tem¬ 
perature of crystallization is observed. 

2. When temperatuie of crystallization is reached the temperature remains 
constant and ciystallization of liquid naphthalene begins, The tempeiature 
remains constant until the liquid naphthalene has crystallized completely. 

3. Finally the third pait of the graph consists in the cooling of crystalline 
naphthalene accompanied by a decrease in its temperature. 

Note : The teacher should bear in mind that the suggested ariangements 
for observing the melting process and ciystallization is intended for laboratory 
use. It is evident, therefore, that not all the pupils will bo able to see the changes 
naphthalene undergoes at such a small arrangement. Under the syUabus 
however pupils will later perform the same experiment in laboratory work. 
Therefore, this demonstiation is a basis for clarifying the processes of melting 
and crystallization on the one hand and preparation of pupils for laboratory work 
on the other. 

After this demonstiation the same sequence as in the process of melting 
should be used in the interpretation of the individual portions of the crystallization 
process graph. This may be done in the form of a talk with pupils. To make 
it effective we put a number of questions to pupils and give them an opportunity 
to give their interpretation. After this the teacher suggests corrections and m 
conclusion gives the right answer to the question put by himself. 


Question 1 

What is the aggregate state of naphthalene represented in the section DE 
of the graph? 

In this section naphthalene is in the liquid state as its temperature exceeds 
its melting point. 
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Question 2 

What does happen to the Icmpciatiu'c of the liquid napliLhalcne in the section 

DE ? 

Its temperature deeicascs. 

Question 3 

What does accompany the cooling of liquid naphthalene ? 

The piocess of cooling is accompanied by a leleasc of the quantity of heat. 

Question 4 

What docs happen with the internal energy of the cooling liquid naphthalene ? 
Its inteinal energy decreases. 

Question 5 

On what account docs the mteinal energy of liquid naphthalene decrease? 
Its internal energy decreases because of the decrease in the kinetic energy of 
the molecules. 

When the body cools, the average speed of its molecules decreases with the 
decreasing temperature and consequently the kinetic energy of the molecules also 
decreases. 

Question 6 

How is it possible to calculate this decrease in internal energy ? 

The decrease m the internal energy is equal to the quantity of heat released 
by the cooling naphthalene and thcrefoic can be calculated by the following formula; 
q=Sxni (t?— t5) 

After that we pass over to the interpretation of the section EF of the crys¬ 
tallization graph. 

Question 1 

In what stale is naphthalene represented by the section EF of the graph? 

In this section naphthalene is in two states, crystalline and liquid. As time 
passes, the mass of crystalline naphthalene increases whereas the mass of the liquid 
decreases. 

Pupils’ attention should be diawn to the similarity and dis-similaiity of these 
two identical sections m the pi ocesses of melting and crystallization. 

The process of ciystallization as well as the process of melting occurs for 
one and the same substance at one and the same temperature, i.e., the melting 
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point and the crystallization point of one and the same substance aie the same. For 
instance, for naphthalene they are 80° C, foi ice 0° C etc. 

Another similarity consists m the fact that both the piocess of melting and 
the process of ciystallization occur at a constant temperatuie. The dis-similanty 
of these two reveise processes consists in the fact that the process of melting is 
accompanied by consumption of some quantity of heat wheieas the process of crys¬ 
tallization is accompanied by release of the same quantity of heat into the surround¬ 
ings. 

It js important to draw pupils’ attention to the fact that a crystalline substance 
at the melting point (or ciystallization point) can be in two aggregate states—ciy- 
stalline and liquid. 

Therefoie it is impossible to give an answer to the question ; In what state 
naphthalene at 80° C is, and in what state water at 0° C is ? Since at these tempe¬ 
ratures a substance can be in two aggregate states—crystalline and liquid. 

Also it is impossible to identify the process which is talcing place whether 
it is crystallization or melting, if we know only thetempeiatuie of the system (melt¬ 
ing or crystaUization). However, we can easily understand that if we know that the 
crystalline substance is at the point of crystallization and a ceitam quantity of heat 
is being released, the substance is ciystallizing. That this is hue is seen from the 
experiment since in the section EF of the graph, the mass of crystalline naphthalene 
increases whereas the mass of liquid naphthalene decreases, i.e,, the reverse relation¬ 
ship is observed between the mass of these two states during the piocess of melting. 

After this remark let us go on with the analysis of this process in the section 
EF of the graph. 

Question 1 

What happens to the tempeiature during the entiie process of crystallization ? 

The temperature remains constant as during the process of melting. 

Question 2 

What happens to the kinetic energy of the molecules during crystallization? 

The kinetic energy of the molecules remains constant duiing the entire 
process, since unless the temperature ehanges the average speed of the molecules 
remains constant and consequently the kinetic energy of the molecules also remains 
constant. 

Question 3 

What happens to the internal energy during the process of crystallization? 

The amount of the internal energy decreases since during crystallization a 
certain quantity of heat is released ipto the surroundings. 
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Question 4 

On what account does the amount of the internal energy decrease during the 
process of crystallization ? 

Since the kinetic energy of the molecules remains constant in this case, it 
follows that the internal energy decreases on account of the decrease in the 
potential energy of the molecules. 

In fact when the crystals are formed, the distance between the molecules 
decreases and consequently the potential energy of the interaction between molecules 
also decreases. 

On the basis of this the teacher can introduce the concept of the heat of 
crystallization. The heat of crystallization shows what quantity of heat 
is released by one gram of a substance when it changes from a liquid state into 
a crystalline state without any change in the temperature. 

The heat of crystallization and the heat of fusion for one and the same substance 
are the same. Thus, for instance, the heat of fusion of ice is equal to 80 Cal g and 
the heat of crystallization of water is also equal to 80 Cal g' etc. (if the two processes 
take place under the same pressure). 

Finally we pass over to the analysis of the last section FG of the graph. 

Question 1 

In what state rathe naphthalene as represented by this section of the graph? 
It is in the crystalline state. 

Question 2 

What happens to crystalline naphthalene in the section FG ? 

Crystalline naphthalene cools. 

Question 3 

What happens to the internal energy of crystalline naphthalene 7 
Its internal energy decreases. 

Question 4 

Why does the internal energy of crystalline naphthalene decrease ? 

The internal energy decreases on account of the decrease in the kinetic energy 
of its molecules because with a decrease in the temperature the average speed of the 
molecules must decrease and consequently the kinetic energy of the molecules also 
decreases. 

Question 5 

How can we calculate this degrease in the internal energy ? 
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This deciease in the internal energy is equal to the quantity of heat released 
by the naphthalene when it is cooling. Consequently this decrease is given as 
q=S. m (t° —t^). 

IV. Evaporation 

The processes of evaporation and condensation are analysed in the same 
way as the processes of melting and crystallization, namely, 

(a) Demonstration of the phenomenon of evaporation and condensation. 

(b) The significance of these phenomena in nature and technology (natural 
regulation of the climate by the circulation of water in nature, evaporation of freon in 
refrigerators, etc.). 

(c) Clarification of the molecular kinetic picture of the process of evaporation 
and condensation. 

(d) Expeiimental proof of the dependence of rate of evaporation on various 
factors. 

(e) The interpretation of the dependence of evaporation rate on a number of 
factors. 

(f) Interpretation of evaporation and condensation processes in terms of 
internal energies. 

With a view to having a more correct approach to the sub-topic namely 
boiling, it is necessary to give a general definition of the process of vaporization as a 
process of transition of a substance from the liquid state into the vapoui state. 

Vaporization can take place in two ways; 

Evaporation and boiling. Therefore, we shall first consider the process of 
evaporation. 

The process of evaporation of a liquid is a widespread phenomena among 
other natural phenomena in daily life and technology. 

It is possible to begin the fiist lesson on this sub-topic by putting this ques¬ 
tion to pupils. 

Give examples from your own observations of transformation of a liquid into 
vapour. 

Having discussed the examples given by pupils the teacher gives some more 
examples, for instance, on a warm summer day, the water sprinkled in the streets 
dries up quickly, l.e., it evaporates; wet clothes in the open air dry within a 
short time, r.e., the liquid contained in the clothes evaporates; perfume in un¬ 
corked bottles disappears after some time, i.e., it evaporates, etc. 

A very large quantity of water evaporates from natural water reservoirs, 
the surface of the ocean and seas. The total amount of water evaporating from the 
surface of the Earth in a year is about 518,600 cubic kilometres in volume. This 
enormous amount of water is enough to cover the whole surface of the earth with a 
layer of more than I metre thipk, 
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It follows that in atmospheiic ait there is always a certain amount of water 
vapour. Circulation of water in nature is of vital importance for all the living 
bodies on the earth, i e., for people, animal and plants. 

On account of evaporation fiom water leservoirs, the humid air becomes 
heated when it touches the warm suiface of the caitli, becomes hghtei and goes up 
into the upper layers of the atmosphere. There this humid air cools and the reverse 
process (condensation) takes place, i.e., transition of water from the vapo¬ 
rized state into the liciuid state. Therefore, the moisture evaporated from the 
natural water reservoirs is compensated back to the earth as a fall out. 

After these general discussions aimed at encouraging pupils’ interest in loain- 
ing this sub-topic it is necessary to show a number of simple and convincing demons¬ 
trations illustrating the existence of the processes of evaporation and condensation. 

For this purpose it is possible to recommend to show the evaporation fiom 
some volatile liquid for instance, ether, spirit or petrol. With the help of a pipette 
one or two drops of ether are placed on a white sheet of paper and with the help of 
an Ulnminated screen the quick drying up of the spot is demonstrated. 

After the demonstration pupils’ attention should be drawn to the existence 
of the processes of transition into the vaporized state not only of liquids but also 
of solids Evaporation of some solid bodies can be easily detected by smell. Thus 
it is very easy to detect the evaporation of naphthalene and camphor. For a visual 
observation of evaporation of a solid body, it is recommended to show the evapora¬ 
tion of a small amount of iodine crystals. For this purpose iodine crystals are 
placed at the bottom of a round bottomed flask. After heating the flask slowly 
with the help of spirit lamp for some time pupils will see formation of intense violet 
coloured vapours of iodine in the flask. 

To demonstrate the reverse process namely condensation of water vapour, 
it is possible to use the airangement shown m the textbook. 

After pupils have become convinced of the existence of evaporation processes 
it is necessary to pass over to the explanation of this process in the light of the mole¬ 
cular kinetic theory. 

First pupils’ understanding of the thermal motion of molecules should be 
somewhat enlarged. 

Pupils had already been told that the temperatuie of a substance depends 
on the speed of thermal motion of the molecules 

It should be noted that speaking of the dependence between the speed of the 
thermal motion of the molecules and the temperature of tire body we mean the 
average speed of the molecular thermal motion. This means that most of the mole¬ 
cules of the given body move at an average speed which determines the tempera¬ 
ture of the body. 

But besides these molecules that move at an average speed at a given tem¬ 
perature there can exist some molecules whose speed is less than the average speed 
and some molecules moving at speeds exceeding the average speed, Proceeding 
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from this it is possible to explain the mechanism of the process of evaporation of 
liquids. The molecules that aie inside of this liquid are surrounded by the mole¬ 
cules of the liquid from all sides (see picture in the textbook). Each such molecule 
experiences the interaction of all the molecules located within the spheie of radius 
(R) of molecular inteiaction. They also have frequent collisions with the other 
molecules in the liquid and are constantly deflected in their motion. Thcrefoie, 
such molecules located in the internal layers of the liquid cannot easily escape fiom 
the liquid surface. Only those molecules which are located in the surface layer of 
the liquid can go out of the liquid surface For these molecules the spheie of 
molecular interaction is partially above the liquid and partially within the liquid. 
But the force of attraction due to the molecules in the liquid is much greater than 
that due to vapour molecules above the surface. Therefore, there is a net cohesive 
force downwards. Therefore, the molecules of (he liquid which are located in the 
surface layer or in the layers close to the latter and which move at great speed and 
consequently possess a large amount of kinetic energy. They have a chance to 
overcome the cohesive forces and fly far beyond the surface of the liquid. This 
results in the formation of the vapours of this liquid. 

The following questions may be put to pupils after that. 

Since the process of evaporation is of great practical importance, it is neces¬ 
sary to find out on what the rate of this process depends ? For this purpose it is 
necessary to analyse a few examples from daily observations and then to prove 
experimentally on what factors the rate of the process of evaporation depends. 

(a) The rate of evaporation depends on the surface area of the evaporating 
liquid. First the teacher puts the following questions to pupils. 

Give examples illustrating that the rate of evaporation of liquids depends 
on the surface area of the evaporating liquid. If we compare the time necessary 
for evaporation of th'* water contained in a bucket and the time of evaporation of the 
same amount of water poured on to the surface of the floor we shall easily see 
that water will evaporate more quickly from the surface of the floor the area of 
which is much larger than the surface area of the water in the bucket. 

If we want to dry up some fruit quickly for instance, a green mango, we cut 
it into small pieces. The surface area of the uncut mango is less than that of these 
pieces together. The time of the drying of fruits depends upon the rate of evapora¬ 
tion of the water. 

Demonstration 1 

Let us show that actually under other similar conditions the rate of evapora¬ 
tion depends on the surface area of the evaporating liquid. 

In this as well as in the subsequent demonstrations it is important that atten¬ 
tion should be drawn to the conditions of the experiment. In particular m this 
deruonstration by other similar conditions we mean the following. Suppose we 
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have same liquid at the same temperature in two open vessels of diffeient cross- 
sections, Now we want to know the amounts of evaporated liquids fiom these 
two vessels during the same time. In biief the conditions can be written on the 
classboard in the following way: 

Conditions : 

Pl = P2 

S,>S2 

b ^3 

to prove: mi<mB 

The demonstration itself is carried out as follows: A test tube and a basin 
are taken and an equal amount for instance, 10 drops of highly volatile liquid (ether 
or spirit) are put into them. The experiment shows that in fact under other similar 
conditions ether will evaporate more quickly in the basin than in the test tube since 
the surface area of the basin exceeds that of the test tube. 

Note : While the demonstration is being earned out pupils should copy in 
their note books what the teacher draws on the classboard. 

After this we pass over to the consideration of the dependence of the rate 
of evaporation on the temperature of the evaporating liquid. We begin by putting 
the following question to the pupils: 

Give examples showing that the rate of evaporation under other similar 
conditions depends on the temperature of the evaporating liquid. 

For instance, it is common knowledge that in a hot summer day during the 
monsoon period water in the streets dries up more quickly than water on a cloudy 
day or than in winter. 

All the pupils have observed that clothes diy up more quickly on a hot day 
than on a cloudy day. 

After this, the teacher can pass over to the second demonstration and show 
that the rate of evaporation depends upon the temperature of the evaporating 
liquid when all other conditions are the same. 

Demonstration 2 

In brief the conditions can be written in the following way : 

h = ta 

81 = 5, 

Pi=Pb 

t°i > t°, 

to prove : mj>mjj 

Two similar vessels namely two basins are taken into which equal volumes of 
water are poured. However, in one of the vessels the temperature of the water is 
25°Cto 30°C while in the other 85°C to 90°C. Both vessels are placed and balanced 
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on the demonstration balance. After some time it can be observed that the pan 
with the coolci water overweighs the pan with the hot water. Consequently in one 
and the same period of time more hot water evaporated than cold water. 

After this we pass over to consider the dependence of the rate of evapora¬ 
tion on the propel ties of the liquid itself. 

The teacher puts the following questions to pupils ; Give examples showing 
that the rate of evaporation depends on the properties of the liquid itself. It is well 
known that if a bottle with ether or spirit is not corked well it will evaporate quickly 
whereas under the same conditions water will take longer time to evaporate. 

To prove the dependence of the rate of evaporation on the properties of the 
liquid, the following experiment is performed. 

Demonstration 3 

Conditions: 

81=82 

t °=t ° 

ether P^, Pj water 
To prove : Vj>Va 

Equal amounts of water and ether (or spirit) are poured into two small 
crystallizers, respectively. The vessels are put on the pans of the balance and 
balanced. After sometime the pupils will observe that the plates are not in equili¬ 
brium. The pan with the vessel containing water overweighs the other. Consequently 
within the same period of time ether (or spirit) evaporated more than water. 

Thus, under similar conditions the rate of evaporation depends on the 
properties of the liquids. Therefore, some liquids are called volatile. To such 
liquids belong ether and spirit and other liquids. Other liquids are called non¬ 
volatile. 

Finally, pupils should be shown that the rate of evaporation depends, under 
other equal conditions, upon the fact whether evaporation occurs in open or closed 
vessels. 

Pupils can give various examples from their experience showing that the 
rate of evaporation depends on the presence of air currents over the evaporating 
surface. It is well known that clothes dry up more quickly in a windy day than 
when the weather is quiet. 

Conditions: 

ti = t2 

Si=S, 

Pi^Pa 

(Open vessel) (corked vessel), 

to prove; mi > mg 
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The dependence of evaporation on the speed of vapoui removed from the 
surface of tlie liquid can be demonstrated with the help of tlie following arrange¬ 
ment : Put two basins containing equal amount of ether at the same tempera¬ 
ture on the pans of a demonstration balance. The mouth of one basin is closed 
while that of the othei is kept open. Bring the balance in equilibrium. After 
some time, the pan with closed basin goes down. Fiom this, it is concluded that 
the rate of evaporation from tire open vessel is more because of the icmoval of 
vapours by the air current. At the end, we can show a very impoilant effect of 
evaporation on the evaporating liquid that due to the evaporation itself the tem¬ 
perature of the evaporating liquid decreases. For this, a manometer is connected 
by means of rubber tubes with two round bottomed flasks. A piece of flannel 
cloth moistened with ether is placed on the flask. The experiment shows a change 
in the level of the liquid in the manometer. The change in the level can be explained 
only by the decrease of temperature of the air in the flask. Consequently this 
experiment makes one to conclude that the process of evaporation is accompanied 
by a decrease in the temperature of the evaporating liquid. 

Retention : 

1. What does show the first part of the graph? 

2. In what state is the naphthalene in the first pai t of the gi aph ? 

3. What happens to the temperatuie during the whole process of melting? 

4. In what state is naphthalene in the second part of the graph ? 

Home task. 


Lesson No. 3 

Topic ; The process of melting and ciystallization fiom the point of view of 
molecular kinetic theory. 

Aim : To explain the students regularities in the process of melting and crys¬ 
tallization. 

1. Questions to pupils : 

1 What is the basic point of moleculai kinetic theory? 

2. What constitutes the internal energy of a body? 

3. On what does the kinetic energy of molecules depend? 

4. On what does potential energy of the molecules depend ? 

5. What happens to the temperature of a body during the heating of crys¬ 
talline naphthalene ? 

6. Upto what degree the temperature of naphthalene is incieased by heating? 

7. How will you name the temperature at which the body melts at normal 
atmospheric pressure. 

8. Does the temperature of naphthalene increase during the process of 
melting ? 
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Explanation of the regularities of the process of evaporation 
from the point of view of molecular kinetic theory 

Fioin the cxpci-imeiits students have seen that liquid evaporates fother 
conditions being equal) moie quickly when the aiea of the fiee surface of the liquid 
IS gieater. Students already know that the molecules, which have sufficient speeds 
and lie on the suifaco of the liquid can escape from the surface of the liquid. There¬ 
fore, greater the free surface of the liquid is, larger is the number of molecules on the 
suiface, and consequently moie is the number of molecules which can overcome the 
force of interaction between molecules and form more volume of vapour of this 
liquid. So the experiment and theory show that when area of the surface of the 
liquid IS greater, the liquid evaporates more quickly. It is also easy to explain to 
students the following regularities of the process of evaporation. 

Students have seen from the experiment that the rate of the process of eva¬ 
poration depends on the temperature of the liquid; in other words we can say that 
higher the temperature of the liquid the greater is the speed of the process of eva¬ 
poration. Students already know that if tempeiatuie of the liquid is greater then 
also is greater the average speed of the thermal motion of molecules. The amount 
of kinetic energy of moleoules depends on the average speed of the molecules, 
i.e., more the average speed of molecules more is the value of kinetic energy of 
molecules. So by increasing the temperature of the liquid the amount of kinetic 
energy of the molecules is increased and consequently increases the number of the 
molecules which can overcome the force of interaction between molecules and 
escape from the surface and form the vapour of this liquid. From this we can draw 
the following conclusions. The rate of the process of the evaporation increases by 
increasing the temperature of the liquid. 

From the third demonstration students have seen that other conditions being 
equal, one type of liquid evapoiales quicker than another. The molecular kinetic 
theory explains this fact that different liquids possess different values of the 
interacting forces between the molecules. In other words it means that for evapora¬ 
tion in some liquids molecules require less value of kinetic energy to overcome the 
foice of interaction. Therefore, at the same temperature in some liquids there 
are gi eater numbers of molecules which can overcome the force of interaction and 
form the vapour of this liquid. So in this case, we see that other conditions being 
equal, the rate of the process of evaporation, depends on the property of the liquid 
itself. 

From the next demonstration the students have seen that the liquid evaporates 
quickly if there is a motion of air above the surface of the liquid. The teacher 
must remind the students that along with the process of evaporation there is a 
reverse process, condensation of the vapour into the liquid If evaporation takes 
place in the closed vessel, the molecules of the formed vapour by theii thermal 
motion will come near to the surface of the liquid. In this case, by the action of 
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the foccQ of iateractioii, the molecules of the vapour will again diop into the liquid. 
This process of condensation can be decreased if the air blows over the surface of 
the evaporating liquid. The formed molecules of vapour are icmoved from the 
surface of this liquid by the action of moving air and do not allow the conditions 
favourable to the process of condensation. So other conditions being equal, 
the liquid evaporates quickly if there is a motion of air over the surface of 
evaporating liquid. 

Aftei explanations of regularities of the process of evaporation on the basis 
of molecular kinetic theory, it is necessary to proceed to more dilTicult points of 
this sub-topic e g., to explain the process of evaporation from the point of view 
ofinternal energy concept. This question should be started by considering separately 
examples from everyday life of students in which we observe cooling 
due to evaporation of liquids. A few examples are given below. 

1. Pupils feel cold when they come out of the river after swimming. 

2. If we wet the linger with ether we feel the cooling of finger 

3. Water in an open vessel kept in the room always has less tempeiature 
than the temperature of the air in the same i oom. 

From this or other examples like these, it follows that the process of evapoia- 
tion of liquids is associated with cooling of evapoiating liquid After these examples 
it is desirable to show an affeotive demonstration. 

*Place a small glass beaker with a small volume of water on the demonstra¬ 
tion table. Place a test tube with 1 or i|- cubic centimetres ether into the 
beaker with the help of a rubber tube, blow the air througli the ether In tliis 
case the ether quickly evaporates and at the same time we can observe that some 
water in the vicinity of the test tube is frozen in the beaker. From these examples 
and this demonstration it follows that the process of evaporation of a liquid requires 
energy. 

Because during the process of evaporation this value of energy is not 
taken out from any other source, it is taken ouly from the internal energy of the 
evaporating liquid itself. In fact, cooling of liquids during the process of evapora¬ 
tion means decieasing the value of internal energy of the evaporating liquid. The 
students already know that internal energy consists of sum of kinetic and potential 
energies of the molecules. Therefore, we can exactly say that process of evapora¬ 
tion of liquid is associated with the decreasing of intci nal energy on account 
of the decrease in the kinetic eneigy of the molecules of the liquid because the tem¬ 
perature of the liquid is determined by the value of average speed of the thermal 
motion of molecules. The students already knew of the mechanism of the process 
of evaporation of liquids which consists of the emission of molecules having 
sufficient value of kiuetic energy, from the surface of the liquid. Consequently, 


success ol ihis Eenionstiation depends upon the tcmpeiatiiic of tlie season. In suinmeL' 
season, the demonstration at page 226 is preferred. 
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molecules possessing high speed and enough kinetic energy leave the surface of 
the liquid. Theiefore, the molecules, in the liquid will possess less speeds and 
the average speed of all molecules of the liquid decreases leading to the decrease 
in the temperature of evaporating liquid. To impait a good knowledge and skills 
to the students during the study of this sub-topic the teacher must give in each lesson 
some qualitative and experimental pioblcms. For this purpose, we have given a 
laige number of dilToient types of problems in the guide. 

BOILING 

The order of discussion for the explanation of the process of boiling is more 
or less in the same way as in the process of melting crystalline bodies as follows; 

1. Consideration, of the piocess of heating and boiling water. 

2. Consideration of the graph of the process of heating and boiling. 

3. Mechanism of the process of boiling of water. 

4. Introduction of the concept of “heat of vaporization”. 

5. Formula for calculating the quantity of heat required for the vaporization 
of a certain amount of liquid. 

6. Dependence of the boiling point on the outside pressure, 

7. Quantity of heat which a certain amount of vapour gives oflf duiing the 
process of condensation. 

At the beginning of the first lesson of the sub-topic “process of boiling”, it is 
necessary to remind the students that the process of vaporization—^change of the 
state of substance from the liquid to the vapour, is possible in two ways: (1) by 
evaporation and (2) by boiling. The first process was discussed in the previous 
sub-topic. Therefore, we shall now pass on to the second process—boiling. In 
spite of the fact that the process of boiling is familiar to the students from every¬ 
day life observation, we shall start this sub-topic from the demonstration of the 
process of boiling in the class room. 

For this purpose place a stand on the demonstration table and fix a flask 
filled with water to it. From the same stand suspend a thermometer with the help 
of a thread in such a way that the ball of the thermometer must be into the water 
of the flask but does not touch its bottom. Place a spirit lamp under the flask and 
observe the process of heating and boiling water. 

In addition to this, students have laboratory work and observation of heating 
and boiling of water in the syllabus. Therefore, this demonstration* can help 
the students to carry out this laboratory work with more efficiency. Some points 
which they cannot observe in this demonstration, can be visualized in their own 


*This demonstration like the demonstration of the melting of naphthalene does not enable all 
the students of the class to observe very well this process which consists of heating and boiling. At 
the same time this demonstration is veiy essential because it is the basis of explanation of new 
material which is to be given by the teacher. 
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laboratory woik. During the observation of this demonstration of heating and 
boiling water, the teacher togcthci with the help of students, should measure the 
temperatiue of the water after equal pciiod of time and then on the basis of these 
data he may plot a graph of the process of heating and boding on the blackboard. 
During the period of obscivation, the teacher must draw the attention of the 
students to the following specific features of this process: 

1. At the beginning of this dcmonstiation the teachei should draw the 
attention of the students that at the bottom and I he walls of the flask there 
are bubbles of air. This an is dissolved in water and we observe this aii-like tiny 
bubbles on the walls. 

2. During the process of heating, the process of evaporation of liquid takes 
place ill the small bubbles of air. So, these bubbles consist of small amount of 
air and some amount of the water vapour. 

3. With the increase in the temperature of water, the process of evapoiation 
into the bubbles is accelerated, which in turn increases the pressure of the water 
vapoui in these bubbles. This increase in pressure of water vapour in the bubbles 
causes an increase in the volume of each bubble. 

4. Due to increase in the volume of these bubbles, the force of buoyancy 
which acts upon those bubbles is also increased. 

5. The buoyant force on these bubbles, overcomes the force of interaction 
between bubbles and walls of this (lask and the bubbles rise to the surface of the 
liquid, break up and form water vapours. 

6. At the begintiing of this process, bubbles mainly consist of air, and after 
soma time the babbles will contain water vapours. 

7. When the bubbles go up to the surface of the liquid, by the action of 
buoyant foicc, new bubbles aie formed at the same points of walls and the same 
process continues afterwards. 

8. When the water reaches the temperature equal to 100°C, it gives off water 
vapours violently from the whole volume ol the liquid. The temperature, at ■which 
the liquid starts boiling at normal outside pressure, is called the boiling point. 
Different liquids at the normal atmospheric pressure, start boiling at different 
but definite temperatures. 

9. The boiling of the liquid starts when the pressuio of vapour of the liquid 
in the bubbles becomes equal to the outside piessuic. 

10. Throughout the process of boiling, the temperature lemains constant 
which IS equal to the temperature of the boiling point of the liquid. 

After discussing the process of heating and boiling, we would pass on to the 
analysis of the graph obtained in this expel iment (this graph you can see in the 
text-book). Now we shall concentrate on the consideration of specific features of 
this graph by putting questions to the students: 

1. What characterises the first part AB of this graph of boiling of water 
from the initial temperature up to the temperature of its boiling point—100°C. 
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2. What causes the Iieatmg of water. 

Heating of water is caused by the quantity of heat which is given off during 
the process of burning of the spirit. 

3. What happens to the amount of internal energy of water in the part AB of 
the graph ? 

Internal energy of water increases in the part AB of the graph. 

4. On what account does the internal energy increase in the part AB of the 
graph? 

Internal energy of the water in the part AB of the graph increases on 
account of increase in the kinetic energy of its molecules, because with the increase 
in the temperature of the liquid, the average speed of the molecules increases; 
leading to an increase in the kinetic energy of its molecules. 

5. What state of water is represented by the part AB of the graph ? 

The pait AB represents the liquid state of water. 

After this, we pass on to the consideration of the next part, BC of the graph. 

1. What characterises the part BC of the graph ? 

The part BC chaiacterises the process of boiling of water. 

2. What happens to the temperature of water during the process of boiling? 

During the process of boiling of water, temperature remains constant which 

is equal to the temperature of its boiling point. 

3. What state of water is represented by the part BC of the graph? 

In part BC of the graph, water is in two states: liquid and vapour. When 
we go from point B to point C of the graph, the mass of vapour produced increases 
while the mass of the water in liquid state decreases, 

4. From where is the energy required in the process of boiling obtained ? 

Energy required in the process of boiling is supplied by burning the spirit. 

5. What happens to the amount of internal energy of the mixture of watei 
and water vapour in the pait BC of the graph ? 

The internal energy of the mixture in this part of the graph increases too. 

6. What constituent of the internal energy does increase in the part BC 
of the graph? 

Because the temperatuie during the process of boiling remains constant, 
the amount of kinetic energy of molecules remains constant too. So it is easy to 
understand that increase in the total amount of internal energy can be only due to 
the increase in potential energy of the molecules. Considering this pait of the 
graph, it is desirable to carry out an analogy between this process and the process 
of melting of crystalline substances. The students already know that in order to 
change the state of solid bodies into the liquid it is necessary first to heat the solid 
bodies till they reach the temperature of melting point and then give some more 
quantity of heat which is required to melt the crystalline body without changing its 
temperature. This quantity of heat does not increase the temperature because it 
goes to increase the potential energy of molecules of the crystalline substance or 
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in other words wc can say that this quantity of heat goes to overcome the 
force of interaction between molecules of crystalline substance and to break the 
crystal lattice. Exactly analogous process takes place in vaporization of 
the boiling water. After the liquid reaches the tcmpeiatiire of boiling point, 
the quantity of heal which is required to change the state of the liquid to the vapour 
goes to overcome the foice of interaction between molecules, so it goes to increase 
the potential energy of the molecules On the basis of the analogy wc can intioduce 
the concept of the heat of vaporization. 

Heat of vaporisation is the quantity of heat which is inquired to transform 
one gram of the liquid at its boiling point into the vapour without changing the 
temperature. The heat of vaporization as well as the heat of fusion are given in 
the tables of constants and can be expressed in following units: 

Cal or Kcal 

g kg 

Therefore if we denote the heat of vaporization by the letter L, and mass 
of the vapour produced during the boiling by letter m, the quantity of heat which 
is required in the piocess of vaporization can be calculated by the following formula: 

q=L. ra. 

If the temperature of the liquid is less than the temperature of boiling point, 
the quantity of heat which is required for the process of vaporization can be calcula¬ 
ted by the following formula; 

q^q^q-qa 

q=S. m, (t^—t?)4-L.m. 

In this formula the first component qi—’is the quantity of heat which is 
required to heat the liquid from initial temperature upto the temporaturo of boiling 
point; the second component qa— is the quantity of heat which is required for the 
process of vaporization without changing the temperature. 

After the explanation of the process of boiling it is desirable to carry out 
compaiison between the process of evaporation and boiling. First draw the atten¬ 
tion of the students to the common points of these two processes; 

1. Realized in two ways—by evaporation and by boiling are the two 
types of vaporization. 

2. It is necessary to spend some amount of energy for the piocess of evapora¬ 
tion as’well as for the piocess of boiling. 

Then the difference between these two processes should bo pointed out. 

1. In Evaporation—the process of vapoiization takes place at any tempera¬ 
ture of the liquid while in the process of boiling—the piocess of vapoiization takes 
place at a definite temperature of the liquid at normal outside pressure. 

2. In Evaporation—the process of vaporization is only fiomthe surface of 
the liquid while in boiling vaporization is from the total volume of tho liquid. 

3. Energy which is required for the process of vaporization by evaporation 
it! tnkpn frnm internal pnprtrv of the evanorating lioilid itaftlf while in the nroceSS of 
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boiling this amount of eneigy is taken fiom outside souice of heat. 

After explaining the pioccssof boding and carrying out laboiatoiy work of 
this sub-topic by the students, the teacher must give special lesson for solving the 
problems on the process of boiling. The problems in this sub-topic are more difficult 
than the problems of previous sub-topic because in this sub-topic we must consider 
quantitative pioblems which are connected with calculations and take moie time 
than the pioblems on the sub-topic of evaporation. 

In the same order the teacher can discuss the reverse process of vaporization— 
the piocess of condensation. The order of explanation will be as follows: 

1. Consideration of some examples of condensation of vapour fiom every¬ 
day obseivations of the students. 

2. Demonstiation of the process of condensation of water vapour. 

3. Graph of the piocess of condensation. 

4. Demonstiation showing the piocess of condensation associated with giving 
off some quantity of heat. 

5. Equality of heat of vaporization and heat of condensation for the same 
substance. 

6. The analogy between process of condensation and process of ciystalliza- 

tion. 

7. Solving of problems on condensation of vapour. 

8. Dependence of the boiling point of a liquid on the value of outside pressure. 

(a) Boiling at less than normal outside pressure. 

{b) Boiling at higher than outside pressuie. 

The explanations of the details of these sub-topics are not taken up. We 
want only to stress upon the basic experiments of tliis sub-topic. 

In what way can we show experimentally that the process of condensation 
of the vapoiii is associated with the giving off some quantity of eneigy to the 
surroundings V 

For this puipose we may arrange a simple apparatus. Place a flask with 
boding water connected with the test tube which is put in the beaker with the cold 
water on the demonstiation table. Place a thermometer in the beaker. The 
students can observe that when the water vapour comes in the test tube it is cooled 
and condensed producing the water into the test tube. By observing the scale of 
thermometer it is easy to find out that the temperature of water in the beaker in¬ 
creases. This increase in the temperature of cold water in the beaker is the result 
of two processes: some quantity of heat which is given off duiing the piocess of 
condensation and some quantity of heat which is given off by cooling the hot water 
formed by vapours. For clarifying further we must show to the students a second 
demonstration. In the first demonstration note the volume of the water which is 
formed from the vapours in the test tube and note the amount of the increase in the 
temperature of water in the beaker as well as its volume and initial tompeiature, 
W 9 can show the second demonstration as follows; 
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Place the same beaker with the same volume of cold water, and same initial 
temperature on the demonstration table. Put the test tube with the same volume of 
hot water (100°C) as in the first demonstration and obseive the increase in the 
temperature of water in the beaker by only one process—process of cooling hot water 
which is in the test tube. The lesult of this second expciimcnt shows that the 
increase in the temperature in the second demonstration is less than in the first 
demonstiation. From these two demonstrations we can draw the conclusion 
that in the first case more quantity of heat is given off as compared to the second 
case, because in the first case the quantity of heat given off consists of two compo¬ 
nents : 

(I) Quantity of heat, which is given off in the process of condensation 
and (2) Quantity of heat which is given off by cooling of hot water formed from 
the water vapours. 

So this experiment shows that the process of condensation is assoeiated 
with the giving off some quantity of heat. This process of condensation is a 
change in the state of substance from vapour to the liquid and takes place without 
any change in temperature, because the temperature of the watei vapour is 100°C 
and after the process of condensation it is transformed into water which has the 
same temperature, i.e , 100°C. The process of vapoiization is associated with 
absorption of some amount of energy, while the reverse process, i.e , condensa¬ 
tion is associated with liberation of same energy. Tlieory and experiment show 
that the heat of vaporization and heal of condensation of the same substance are 
equal to each other, for example, heat of vaporization of water at 100“C is equal to 
539 caloiie per gram and heat of condensation of water vapour at 100°C is also 
equal to 539 calorie per giam. Therefore, in the textbook only the table of the 
values of heat of vaporization for different substances is given. Aftei this the 
teacher must explain the dependence of the boiling point on the value of outside 
pressure. The students can clearly understand it from the following demonstration. 
For this purpose a test tube with a small volume of water is fixed to the stand. The 
test tube is closed and connected to the rubber bowl. Heat the test tube with a 
spirit lamp and show the process of boiling at the normal atmospheric pressure. 
Then show to the students that if he compresses the rubbei bowl by his hand, the 
value of the pressure inside the test tube is increased and immediately the boiling 
of water slops. 

From this experiment we can draw the conclusion that the boiling point is 
increased if the outside pressure is increased. When the teachci icleases his hand 
from the rubber bowl some value of air and watei vapour goes into the peai and 
consequently the value of pressure inside the test tube is decreased. The students 
can observe that due to this decrease in pressure, the water again staits boiling, 
Thus we can also draw the conclusion that the point of boiling is decicased if out¬ 
side pressure is decreased. This dependence of boiling point on the value of the 
outside pressure is not a specific feature of water only but it is a specific feature of 
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all types of liquids. We can link this dependence of boiling point upon the value 
of outside prossiue with the definition of the process of boiling which was done at 
the beginning of the study of this sub-topic. The students know that the process of 
boiling of the liquid staits when the pressure of the vapoui of the liquid in the 
bubbles becomes equal to the value of outside pressuie. So this is quite clear that 
the boiling point depends on the value of the outside pressure. After this the 
teacher must pass on to the consideration of similar examples from technology 
and nature, where the boiling of liquid is observed at low and high pressures. 

I. Melting and Crystallization 

1. Why do we piefer spirit thermometer to the mercury thermometer for 
measuring outdoor temperature on the high mountains. 

2. Copper, iron and lead balls with equal masses were put into boiling water 
and then taken out and placed on the piece of the flat wax. Which ball melts the 
wax inoie? 

3. Why is it not possible to use a small solderer for the soldeiing of a big 
massive piece of copper or iron? 

4. Explain on the basis of molecular kinetic theory why the temperature 
during the process of melting and crystallization does not change? 

5. Two pieces, one of aluminium and another of copper with the mass of 
1 kilogram each, are heated to the temperature of melting. For which of these two 
pieces moie quantity of heat is required? 

6. What quantity of heat is required for melting 100 grams of iron at its 
temperature of melting ? 

7. What quantity of heat is required for melting 10 grams of naphthalene, 
gold and iion, at their respective melting points. 

8. What quantity of heat is required for melting 1 gram of copper at the 
temperature of 27‘’C ? 

9. What quantity of heat is required for melting 10 grams of lead at the 
temperature of 42°C? 

10. What quantity of heat is required for melting 4000 kilograms of iron, 
if initial temperature of iron is equal to 30°C ? 

11. What quantity of heat is given out during the process of crystallization 
and cooling up to 60°C by 10 grams of liquid silver given at the temperature of its 
melting? 

12. What quantity of heat does a piece of ice with mass of 217 grams take 
from surrounding air for the process of melting if the initial temperature was 
-5°C? 

13. What quantity of heat is required by a plate of lead which has the 
size 2 X 4 X 10 cm during the processes of heating and melting if the initial tempera¬ 
ture is 27°C. 
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14. How m'-iny caIouos ol heat is rcquU'cil foi tnuisfoiming 1 wo kiloguuns 
of icQ into water given at the teinpeiatiue of 0“C and heating the water foinicd up 
to 40'’C ? 

15. 100 grams of lead with the temperature at 427°C is cooled to the tempeia- 
tuic of point of crystallization and then is cooled upto the teinpciatmc of 27°C. 
What quantity of heal is given off to the surrounding aii ? Specific heat of melting 
load is equal to 


gram degree C 

16. Determine the thermal efficiency of a heater in which 80 grams of kero¬ 
sene was spent in order to melt and heat, up to the boiling temper true, 2 kilograms 
of ice given at 0°C. 

17. What IS the value of the thermal efficiency of the melting stove in which 
36 grams of bituminous coal is spent foi melting each kilogram of copper with 
initial temperature of 83°C. 

18. Determine the thermal efficiency of a melting stove in which 40 6 kilogram 
of bituminous coal is used for melting 500 kilograms of ii on. The initial tempciatuie 
of the iron is equal to 40‘’C. 

II. Evaporation and boiling 

1. One beaker with a small volume of ether has a temperatru'e of 20°C. The 
second beaker is full with the same volume of water at the same temperatiue. After 
some time put two thermometers into each beaker and note the temperature. 
Which of the thermometers will show less tempeiature? 

2. Why does grass dry more quickly by the windy weather than duiing the 
quiet weather? 

3. Why do we feel cold when we come out of the river after swimming ? 

4. In two similar plates pour the same volume of soup. In one, the soup is 
viscous and in the other it is tlrin. Which of the soups will be quickly cooled and 
why ? 

5. Why does moist wood burn badly than the dry wood? 

6. Why do the people living in high hills, wlule boiling meat in watei, close 
the vessel and put on the top some heavy stones? 

7. Why does water evaporate slowly in the bottle if it is closed tightly with 
a cork. 

8. Wliich of the two possesses more internal energy ; 1 giam of water at 
100°C or 1 gram of water vapour having the same temperature ? 

9. What quantity of heat is required for heating 10 grams of water to its 
boiling point and converting the whole of it into vapour ? 

10. What quantity of heat was spent to heat 0.75 kilograms of water at 
20'’C (up to 100°C) if during boiling, 250 grams of water is transformed into the 
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watei vapoLii ? 

11 What quantity of heat was spent foi heating 10 kilogiam watei fiom 5°C 
up to 100° C, if by the boiling, 400 grams of watei is transfoiraed into the water 
vapour ? 

12. What quantity of heat is given off by the condensation of 10 kilogiams 
of water vapour at 100°C and cooling the water formed up to 20° C ? 

13. What quantity of heat is lequiied for melting 1 kilogram of ice, if the 
initial temperature was 0° C and boiling the converted water to the vapour at 
100° C? 

14 What quantity of heat is lequired for melting 2 kilograms of ice at 
—10° C and foi the process of heatingand vaporizing the whole volume into vapour 7 

15. What quantity of ice at 0° C can be melted by the quantity of heat which 
is given off by the process of condensation of 8 kilograms of water vapour at 100° C 
and normal piessuie? 


TOPICAL PLAN 


No. of Date of Topic of the lesson Method to Demons- Home 
lesson the lesson carry out tration task 

the lesson 

~ 1 2 3 4 5 6 

1. Ciystalline and amorphous 

bodies. 

2. Process of melting and soli¬ 

dification of crystalline 
substances, 

3. Consideration of the graph 

of the process of melting 
and ciystalhzation. 

4. Laboratory work, observa¬ 

tion of the process of 
heating and melting 
naphthalene. 

5. Heat of fusion and heat of 

crystallization. 

6. Solving problems on the 

process of melting and 
crystallization. 

7. Evaporation and condensa¬ 

tion in nature and tech¬ 
nology 
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1 2 3 4 5 6 

8. Dependence of the rate of 

evaporation of liquids 
on different factors, 

9. Consideration of the regu- 

laiities of the process of 
evaporation from the 
point of view of molecu¬ 
lar kinetic theory. 

10. Process of boiling water. 

11. Explanation of the graph 

of the process of boiling. 

Heat of vaporization. 

12. Laboratory woik, observa¬ 

tion of the process of 
heating and boiling water, 

13. Solving problems. 

14. Process of condensation. 

15. Heat of condensation, 

16. Boiling at the higher and 

lower outside pressure. 

17. Solving the problems of 

total topic. 

18. Control testing of the 

knowledge and skills of 
students of this topic. 


Detailed Plan of Each Lesson of the Chapter 

Lesson No. 1 

Topic ‘. Crystalline and amoiphous bodies. 

Aim ; To explain the very important points of the structure of the ciystallinc bodies. 

1. Plan of presentation of new material: 

1. Three aggregate states of the substance in nature. 

2. Dependence of aggiegate state of substance on its temperature. 

3. Two types of sohd bodies : Crystalline and amorphous bodies. 

4. Crystalline structure of the metals and minerals. 

5. Specifio feature of the amorphous bodies. 
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H. Retention ■ 

1. Is It possible to give the answer to the question “In what states is the 
water?” 

2. On what depends the aggregate state of a substance ? 

3. What is common in different bodies which aie made of the same metal? 

4. What substances arc amoiphons bodies? 

5 What is the specific feature of amoiphous bodies? 

ni. Home task. 


Lesson No. 2 

Topic ; Process of melting and solidification of crystalline substances. 

Aim ; To explain to the students specific feature of the process of melting and 
solidification of crystalline substances. 

l. Plan of the presentation oj new materials : 

1. Demonstration of the process of melting and solidification of naphthalene. 

2. Melting point of a substance. 

3. Crystallization point of a substance. 

4. Plotting of the graph of healing and melting. 

5. Discussion of the graph on the basis of experiment. 

n. Retention : 

1. What does show the first part of graph? 

2. In what state is the naphthalene in the first part of the graph? 

3. What happens to the temperature during the whole process of melting? 

4. In what state is naphthalene in the second part of the graph ? 

m. Home task. 


Lesson No. 3 

Topic : The process of melting and crystallization from the point of view of mole¬ 
cular kinetic theoiy. 

Aim : To explain to the students regularities in the process of melting and crystalliza¬ 
tion. 

I. Questions to pupils : 

1. What are the basic points of molecular kinetic theory? 

2. What constitutes the internal energy of a body? 
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3 On what does the kinotic eneigy of molecules depend ? 

4. On what does potential cneigy of the molecules depend '? 

5. What happens to the tcnipciatuic of abodyduung the heating of ciys- 
talline naphthalene ? 

6. Up to what degree the tcmpeiaturc of naphthaleners inoicased by heating? 

7. How will you name the tcmperatuic at which the body melts atnoimal 
atmospheiic piessiiie? 

8. Docs the tempoiaturc of naphthalene increase duiing the piocess of 
melting ? 

II. Plan of presentation of new material: 

1. The process of melting crystalline bodies is associated with the spending of 
eneigy. 

2. The energy which is required for the process of molting is taken from the 
energy given by the burning spirit. 

3. The energy which is required for the process of melting crystalline bodies 
at an initial temperature which is less than the point of melting consists of two com¬ 
ponents qi and qj. 

4. Quantity of heat, qi, is requiredfor heating crystalline bodies from initial 
tompeiature upto the point of melting. 

5. Quantity of heat, qi, is spent to increase the speed of theimal motion 
of molecules of crystalline naphthalene and consequently increase their kinetic 
energy. 

6. Quantity of heat, qj, is requiied to melt crystalline bodies without any 
change of the temperature of the body. 

7. Quantity of heat, qa, is spent to incicase the potential energy of mole¬ 
cules overcoming the force of interaction between those molecules. 

8. The quantity of heat given off by the process of cooling of liquid 
naphthalene. 

9. Quantity of heat given off by the process of ciystallization. 

IIJ. Home task. 


Lesson No. 4 

Topic: Laboratory work, observation of the process of melting of naphthalene. 

Aim : To give the students some practice in observing the piocess of moiling of 
crystalline bodies. 

I. Short Introduction to laboratory work of the students : 

(a) The aim of laboratory woik-mbservation of the piocess of heating and 
melting naphthalene, 
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(/)) Rccoid the tempcraliirc of naplitlialene at llie inlet val of 2 minutes. 

(c) On the basts of data plot the gttiph of the piocess of heating and incltitig 
(see the pictuie of the graph in the textbook). 

(d) Give the answer to the following questions: 

1. At what tcmpciaturo does the naphthalene starts melting ? 

2. What happens to the amount of mass of ciystalhne and amount of liquid 
naphthalene duung the process of melting 1 

3. What happens to the temperature of naphthalene after the naphthalene 
reaches the temperature of melting. 

H. Distribution of the full sets of equipment to the students on their tables. 

III. Producing the laboratory woik by students. 

IV. Reports of students on the results of this laboratory work. 

V. floiue task. 


Lesson No. 5 

Topic : Heat of fusion of the crystalline substance. 

Aim : To explain to the students the physical idea of the heat of fusion, 

I. Plan of presentation of new material : 

1. Concept of heat of fusion of a substance. 

2. The units of measuiing the heat of fusion. 

3. Table of heat of fusion for different substances. 

4. Formula for calculating the quantity of heat which is required to melt 
crystalline bodies given at its melting point. 

q=LXiii 

5. Formula for calculating the quantity of heat, which is required to melt 
crystalline bodies at the initial temperature less than its molting point. 

q = Sxm (t2—tj) + LXm 

6. Heat of crystallization of the substance. 

7. Equality of the heat of fusion and heat of crystallization of the same 
substance. 

H. Retention : 

Solving qualitative problems. 


III. Home task. 



204 


TbACHElOs GUIDE FOR PHYSICS CLASS Vlt 


Lesson No. 6 

Topic : Solving the problems on the process of melting nnd ciystallization. 

Aim : To help the students in acquiring skills of solving problems of this sub-topic. 
In this lesson before the toachci staits solving some pioblcms it is desirable 
to remind the pievlous lesson by putting to students following questions ; 

1. What is the heat of fusion of the substance? 

2. In what units can the heat of fusion be measured? 

3. By what formula can we calculate the quantity of heat which is required 
for heating a body? 

q=sXm X(t?—1{) 

4. By what formula can we calculate quantity of heat which is given off by 
cooling of a body? 

q=sXm (tj—t^) 

5. By what formula can we calculate the quantity of heat which is required 
for melting the crystalline bodies at its melting point? 

q=Lxm 

6. By what formula can we calculate the quantity of heat which is given off 
in the process of crystallization ? 

q=LXm 

In the first problem it is desirable that this may be solved by the teacher on 
the blackboard with the explanation of the solution, and then on the basis of this 
example students must solve some problems of tliis sub-topic during this lesson. 

IV. Home task. 


Lesson No. 7 

Topic : Evaporation and condensation. 

Aim ; To explain to the students the nature of the process of evaporation and 
condensation. 

I. Plan of presentation of new material: 

1. Consideration of some examples of transfoiming the liquid into the vapour 
and the reverse process from everyday life observations of the students. 

2. Demonstration ofevaporation of ether and spiiit. 

3. Demonstration of evaporation of crystalline substance—iodine (without 
liquid state of the substance). 

4. The role of the process of evaporation and condensation in the water cycle 
in nature. 

5. Explanation of the process of evaporation from the point of view of mole¬ 
cular kinetic theory. 
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n. Retention ; 

1. What IS the process of condensation ? 

2. What is the process of evaporation ? 

3. Why the level of the water does not change in the oceans and the seas in 
spite of the process of evaporation from the suiface of these big areas of water ? 

4. Do crystalline bodies transform into vapour without going into the liquid 

state ? 

m. Home task. 


Lesson No. 8 

Topic : Dependence of the rate of evaporation of a liquid at different conditions. 
Aim : To explain the students some regularities in the process of evaporation. 

l. Plan of presentation of new materia!: 

1. Show that the time taken m the process of evaporation for a given mass 
of the liquid, othei conditions being equal, is less when the free surface of the liquid 
is larger, 

2. Show that tlie spaed of the process of evaporation, other conditions being 
equal, is more when the temperature of evaporating liquid is greater, 

3. Show that the speed of the process of evaporation depends on the property 
of the liquid itself, other conditions being similar. 

4. Show that the time taken in the process of evaporation, other condi¬ 
tions being equal, is less when above the evaporating liquid there is motion of the 
air. 

5. The process of evapoiation is associated with cooling of the evaporating 

liquid. 

H. Retention : 

Solving qualitative problems. 

m. Home task. 


Lesson No. 9 

Topic : Explanation of the regularities of the piocess of evaporation fiom the 
point of view of molecular kinetic theory. 

Aim : To show to the students the utility of molecular kinetic theory for under¬ 
standing the experimental results of the process of evaporation. 
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I. Questions to pupils : 

1. How ca'i you explain the process of cvapoiation of a liquid ? 

2, Oil what does the rate of evapoialioii of the liquid depend'? 

3 Solving qualitative pioblems on the process of cvapoiation and conden¬ 
sation 

Cl. Plan of presentation oj new inateiial : 

1. Explanation of the dependence of the rate of evapoiatioii on the aiea of 
the free surface of the liquid. 

2. Explanation of the dependence of the rate of evaporation on the tempera¬ 
ture of evaporating liquid. 

3. Explanation of the dependence of the rate of evaporation on the propeities 
of liquid, 

4. Explanation of the dependence of the rate of evapoialion on lemoving 
the vapour from above the surface of evaporating liquid. 

5. The process of evaporation lequires some amount of heat which is supplied 
from inteinal energy of the evaporating liquid. 

Lesson No. 10 

Topic ; Boiling of water. 

Aim : To consider the mechanism of the piocess of vaporization by boiling. 

C. Plan of presentation of new material ■ 

1. Consideration of some examples of boiling liquids fiom cvciyday life 
observations of the students. 

2. Demonstration of heating and boiling water. 

Note : While carrying out this demonstration it is necessary, on the basis 
of the data obtained from the measurement of the temperatuie of the water, to 
plot the graph ofthe piocess of heating and boiling water on the blackboaid. 

While performing this demonstration, mechanism of the process of boiling 
water should bo recognized. Foi this purpose the teacher must emphasise on tho 
students the following points: 

(a) Some amount of air is dissolved in the water. This ah exists in the tiny 
bubbles on the walls of the vessel. 

{b) During the heating these bubbles increase in volume. 

(c) In these bubbles goes the process of evapoiation of the watei. 

(d) Due to increase in the pressure inside these bubbles, the volume of these 
bubbles is also increased. 

(e) At a particular size of the bubbles the buoyant force acting upon th§ 
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bubbles can oveicome the foice of inteiaction between these bubbles 
and the walls of the vessel and push out these bubbles to the suiface of 
the liquid due to which the watei vapour is foimed. 

(/) The pioccss of boiling staits when the piessuie inside these bubbles 
reaches the value of the outside atmospheric pressuie. 

(g-) The point of boiling of water at the noiinal atmospheric piessuie is equal 
to 100" C. 

(/;) In order to piodiice vapoui from liquid it is necessary fiist to heat this 
liquid fiom initial tempeiature up to the point of boiling and then give 
quantity of heat to transfoim this liquid into the vapour without 
changing the teinpeiatuic. 

II. Home task. 


Lesson No. 11 

Topic : Heat of vaporization. 

Aim ; To explain the students the process of heating and boiling from the point 
of view of molecular kinetic thcoiy. 

I. Questions to pupils ; 

1. By what two types of processes is it possible to transform the liquids into 
vapour ? 

2. What docs constitute the bubbles in the watei on the wall of the vessel 
which contains the water? 

3. What happens with these bubbles dining the pi ocess of heating the watei ? 

4. What characterises the liist section of the giaph which was pioduced in 
the previous lesson ? 

5. What chaiacteiises the second section of the graph ? 

6. At what temperature does the water start boiling? 

7. What happens to the temperature of the water aftei it reaches the tempeia- 
tuie of boiling point? 

n. Plan of presentation of new material : 

I The process of vaporization by boiling requires some quantity of heat. 

2. The quantity of heat which is requiied for the process of vapoiization is 
supplied by the buimng spiut. 

3. The quantity of heat which is necessary to tiansformthe liquid into the 
vapour consists of two components. 

4 First component is the quantity of heat—qi which is required for the 
process of heating the water from initial temperature up to the boiling point. It 
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ineaus that this quantity of heat goes to incicasc the speed of thermal motion of 
molecules. 

5. Thoiefore the quantity of heat—q^ which is absoibed by water goes to 
incieasc internal eneigy of the water on account of inci easing the kinetic energy of 
molecules. 

6. The second component, the second quantity of heat—goes to trans¬ 
form the water into the vapour without changing the temperature. 

7. Quantity of heat q^ goes to overcome the force of interaction between 
molecules of water. Therefore, the quantity of heat goes to increase the internal 
energy of the vapour on account of the increase of potential energy of molecules of 
the water vapour. 

8. Introduction of the concept of the specllic heat of vaporization. 

9. Units in which we can express the specific heat of vaporization. 

10. Formula for calculating the quantity of heat, which is required for the 
piocess of vaporization. 

q2=LXm 

q=SXmX(t^—tJ)+LXm 
m. Home task. 


Lesson No. 12 

Topic ; Laboratory work—‘observation of the process of heating and boiling 
water.” 

Aim: To promote, among the students, some skills of right observation of the 
heating and boiling water and some skills of plotting the graph of this 
process. 

I. Introduction of the laboratory work : 

In this very short discussion teacher must explain the following points: 

1. The name of laboratory work. 

2. The aim of laboratory work. 

3. Suggestions about the method of observation and measuring the tempcia- 
ture of the water; method of plotting the graph of the process of heating and 
boiling. 

4. Organization of the work between small groups of students during this 
laboratory work 

After this the teacher with the help of some students must give total set of 
equipments on each table and the students must start this laboratory work. 

II. After the laboratory work, the students must be asked to give report of their work 
to the teacher. 

in. Home task. 
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Lesson No. 13 

Topic : Solving problems on the process of vaporization. 

Aim : To promote among the students the skills of solving the pioblems of this 
sub-topic. 

I. In the first part of the lesson the teacher must remind some very important 
points of the process of boiling by putting some questions to all students of the class. 

1 By what formula is it possible to calculate the quantity of heat which is 
required for increasing the temperature of a liquid by certain degiees? 

2. In what units can we measure the specific heat of a substance? 

3 By what formula is it possible to calculate the quantity of heat which is 
required for the process of vaporization of the liquid at its boiling point ? 

4. By what formula is it possible to calculate the quantity of heat which is 
required for the process of vaporization of the liquid given at a certain temperature, 
which is less than its boiling point ? 

5. In what units can we measure the heat of vaporization ? 

n. After discussing these questions, the teacher must provide the solution of 
one of the problems on the blackboard with good explanations. Then on the 
basis of this example the students must solve some of the problems of the sub-topic 
(see the list of problems in this guide). 

ni. Home task. 

Lesson No. 14 

Topic : Process of condensation. 

Aim ; Explanation of the process of condensationfiom the point of view of mole¬ 
cular kinetic theory. 

I. Plan of presentation of new material : 

1. Consideration of some examples of condensation of water vapour from 
everyday life observations of the students. 

2. Demonstration of condensation of water vapour (see picture of this 
demonstration in the textbook). 

3. The quantity of heat, given off in the process of condensation. 

4. Explanation of the process of condensation from the point of view of 
molecular kinetic theory. 

n. Retention : 

Solving some problems on condensation, 
in. Home task. 
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Lesson No. 15 


Topic : Heat of condensation. 

Aim : To explain the concept of the heat of condensation. 

l. Plan of presentation of new material : 

1. Compadson of the quantity of heat which is given off by the water duimg 
the process of cooling with the quantity of heat which is given off in the piocess of 
condensation of water vapour of same mass and at the same temperature. 

2. Concept of the heat of condensation, 

3 Units in which the heat of condensation can be measuied. 

4. Formula for calculating the quantity of heat which is given off in the pro¬ 
cess of condensation. 

5. Equality of the heat of vaporization and heal of condensation for the same 
substance. 

n. Retention : 

Solving some pioblems of condensation. 

m. Home task. 


Lesson No. 16 

Topic : Boiling the water at higher than the normal atmospheric pressure. 

Aim : Explain the dependence of boiling point of the liquid on the value of out¬ 
side pressure. 

I. Plan of presentation of new material : 

1. Demonstiation of boiling water at normal atmospheric pressure. 

2. Demonstration of boiling water at a pressure higher than the normal 
atmospheric pressure. 

3. Demonstration of boiling water at a pressure less than the normal atmos¬ 
pheric pressure. 

4. Boiling of a liquid depends on the value of outside pressure. 

5. Application of the technique of boiling of water at high pressure for 
producing high temperature vapour. 

H. Retention : 

I Solving some problems; 
w. Home task, 
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Lesson No. 17 

Topic : Solving different piobleras of all the topics of this chapter. 

Aim : To strengthen the knowledge and skills of the chapter which will he 
tested in the next lesson. 

I. Plan of presentation : 

1. Retention of the basic points of the process of melting and crystallization 
(the graph of the process of melting crystalline substance, foimiila of calculating 
quantity of heat which is lequired for the process of melting, the units of measur¬ 
ing specific heat of a substance, units of measuiing heat of fusion). 

2. Solving the problems of melting and crystallization. 

3. Retention of basic points of the process of evaporation. 

4. Solving one of the problems of evaporation. 

5. Retention of basic points of the process of boiling. 

6. Solving one of the problems of the process of condensation. 

H. Home task. 


Lesson No. 18 

Topic t Control testing of this chapter. 

Aim : To check up the knowledge and skills of the students, which they have 
acquired during the study of this chapter. 

For this lesson teacher must prepare at least 4 variants of the same control 
testing. All tests must consist of different types of problems. Each variant must 
include one quality problem on the process of evaporation and one quantity 
pioblem on the process of melting (or crystallization) oi one problem of the pro- 
cess of boiling (or condensation). All the variants must be approximately of equal 
difficulty. 



